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Foreword 
TIMA is a public research laboratory sponsored by Centre National de la Recherche Scientifique (CNRS), Grenoble 
Institute of Technology (Grenoble INP) and Université Grenoble Alpes (UGA). TIMA addresses some of the most 
urgent and ambitious challenges related to the design of circuits and Systems-on-chip (SoC). The research topics 
cover the specification, design, verification, test, CAD tools and design methods for integrated systems, from analog 
and digital components on one end of the spectrum, to multiprocessor SoCs together with their basic operating 
system on the other end.  
In 2017, the personnel of TIMA included 38 permanent members (26 research staff and 12 administrative and 
technical staff) for a total of 147 persons that worked in the Laboratory (including 51 PhD students, 21 post-
doc/contract/associate researchers, 23 trainees and 14 visitors in addition to the permanent staff). The laboratory is 
structured in the following five research teams: 

• Architectures and Methods for Resilient Systems (AMfoRS): multi-level specification and verification of 
hardware/software on-chip architectures; system-level modeling, analysis and testing; dependability of 
integrated systems; secured integrated architectures; multi-level dependability evaluations. 

• Circuits, Devices and System Integration (CDSI): MEMS: microgenerators, acoustic sensors, pressure 
microsensors; BIOMEMS microsystems; asynchronous circuits and systems (asynchronous IP’s, NoCs, GALS, 
etc.); non-uniform sampling and signal processing (algorithms, architectures, circuits); reconfigurable 
asynchronous logic; safe and secure robust asynchronous circuits; smart CMOS vision sensors. 

• Robust Integrated Systems (RIS): robust massively parallel single-chip architectures; power management 
from the OS down to silicon; fault tolerant and self-adaptive architectures; 3D NOC robust architectures; 
design-for-reliability due to aging; process variation and soft errors; evaluation of robustness and qualification: 
radiation tests, fault injection; architectures for nanotechnologies. 

• Reliable Mixed-Signal circuits and systems (RMS): mixed-signal/RF integrated devices; test and control 
techniques; design-for-test; diagnosis; embedded control; behavioral and statistical modeling methods; CAD 
tools for test and control. 

• System Level Synthesis (SLS): HW/SW architectures and CAD software for multiprocessor systems on chip; 
specification, modeling, simulation and implementation of embedded systems on chip; reconfigurable systems 
and rapid prototyping. 

The 2017 edition of the TIMA annual report presents a brief and synthetic presentation of each research team, 
followed by a scientific summary of the main on-going projects in each team. Each project is identified with the 
relevant keywords, researchers, collaborations and contracts. The scientific production of 2017 includes 113 results: 
20 articles in international journals, 3 patents, 62 articles in international conferences, 14 PhD theses, 5 invited talks, 2 
book chapters, 1 journal edition, and 6 other communications. A complete list of this scientific production, classified by 
team and category, is also provided at the end of the report. 
A large part of the research is financed by research grants and contracts. Some are large cooperative projects with 
industrial and academic partners, at the national, European or world level; others are bilateral industrial collaborations 
linked to a CIFRE doctoral co-tutorship or academic collaborations funded by our parent institutions. Most contracts 
run from 3 to 4 years. In 2017, 56 contracts were in operation, out of which 17 new contracts started during the year. 
The report gives an overview of the contractual activity. 
Members of TIMA were active in the organization of 39 international conferences and workshops. The details of these 
contributions to the scientific community are listed in the report.  
Finally, TIMA takes an active part in the organization of the Grenoble Alpes research community, being linked to the 
poles "Mathematics, Informatics and Communication" (MSTIC) and "Physics, Engineering and Materials" (PEM). 
TIMA is also a member of the Carnot Institute LSI and the Laboratory of Excellence Persyval. 
 
Salvador MIR 
 
Further information may be obtained from :  
Salvador MIR – TIMA Laboratory - 46 avenue Félix Viallet - 38031 GRENOBLE Cedex, FRANCE 
Tel : (+33) 4 76 57 45 86 - Fax : (+33) 4 76 57 49 81 - E-mail : directeur-tima@univ-grenoble-alpes.fr 
http://tima.univ-grenoble-alpes.fr/ 
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AMfoRS team (Architectures and Methods for Resilient Systems) 

Themes 

Multi-level specification and verification of hardware/software on-chip architectures 
System-level modeling, analysis and testing 
Dependability of integrated systems and architectures 
Secured integrated architectures 
Multi-level dependability evaluations 
Emerging architectures 
 

Expertise 

Scientific 
Systems modeling, requirements formalization, temporal logics, automatic proofs, fault detection/tolerance, 
modeling of aging effects, methods for robustness analysis, hardware security, system-level testing 
Fields of expertise 
Correctness verification and dependability evaluation at various levels of the design flow, formal methods, 
dependability improvement, hardware security, system-level testing 
Know-how 
Analysis and formalization of requirements, formal and semi-formal verification, assertion-based design, fault 
tolerance or detection, fault injection, cryptographic accelerators, hardware attacks and counter-measures for 
secured circuits, IEEE 1687-compliant testing 
Industrial transfer 
Transfer of HORUS technology in EDA tools for mixed systems by Dolphin Integration 
Transfer of ISIS technology in EDA tools by Dolphin Integration 
MAST - CAD-tool for system-level testing based on IEEE 1687 transferred to a company under incubation 
IDSM functional continuous checking approach transferred to STMicroelectronics and Dolphin Integration 
EARS – CAD-tool for digital circuit dependability analysis,  
             APP deposit IDDN.FR.001.530007.000.S.P.2016.000.10600 
 

Research keywords  

Specification and verification of complex systems, assertion-based verification, correct-by-construction design, 
dependability, fault tolerance, security, aging, robustness analysis 
 

Contact 

Régis LEVEUGLE 
GRENOBLE INP Professor 
(+33) 4 76 57 46 86 
regis.leveugle@univ-grenoble-alpes.fr 
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System-Level Test Architectures and Standards 
Keywords: Testing, IEEE 1687, System-level approaches, functional access 
Members: M. Portolan 
Contracts: MAST (Linksium) 
 

1. Context and goals 
The digital automated testing field has been living a 
huge evolution in recent years: chips are becoming 
more and more complex, System-on-Chips (SoCs) 
are now common and new approaches like 3D 
Chips/Stacked Dies are pushing design and 
performance boundaries even further. Testing 
these new components where traditional divisions 
between component, device and system are 
blurred is a formidable task, and the field is 
responding by generating new dedicated 
approaches. Most actors soon realized that such 
an effort is not feasible by one entity, so different 
standardizations were launched, some of which 
started bearing their first results. Of particular 
interest is the new IEEE 1687-2014 standard, 
which develops and extends over the widespread 
IEEE 1149.1 standard, commonly known as JTAG, 
by adding several disruptive innovations, among 
which of particular importance are: 
§ Dynamic-length scan chains 
§ Instrument usage through a JTAG chain 
These two elements have the potential not only to 
completely change the landscape of automated 
testing, but also to bring the current EDA tool to 
the brink of breaking. Current tooling is in fact 
based on a structural analysis of a System Under 
Test (SUT), helped by precise hardware 
assumptions, like for instance the fixed length of 
the scan chains, which are used to achieve global 
optimization with reasonable effort. Once these 
assumptions fall, the complexity explosion itself 
might be enough to render the tool helpless. 
Similarly, structural test implies a non-interactive 
environment where input vectors are applied to 
the SUT and the output are compared with pre-
computed expected vectors: the complete flow is 
depicted in Figure 1 
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Figure 1: Traditional JTAG test environment 

This flow is adapted for structural testing, but it is 
extremely inefficient for instrument usage, which 
implies the possibility of changing the test data 
and execution flow based on the actual outputs. 
Also, a given SUT might embed tens or even 

hundreds of instruments: an efficient handling of 
their concurrent execution must be provided. 
None of the current EDA tool is doing this. 

2. Recent outcomes 
The work has been focused on developing an 
innovative backend able to provide the features 
needed for the evolution of automated testing 
while maintaining a compatibility with IEEE 
standards and EDA tools. The goal is the 
development of a complementary solution to the 
current approaches, focusing on test execution 
rather than on test generation as it has been the 
case up until now. 
The final proposal for a new Functional Execution 
Flow is based on State of the Art software and 
Operating System (OS) engineering and is 
depicted in Figure 2. 
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Figure 2: Proposed Functional Execution Flow 

In this solution, each hardware instrument used 
for error and exception detection purposes, for 
instance (depicted in Yellow in the bottom left-
hand corner) is associated with a Software 
Algorithm (depicted in Green in the top right-hand 
corner). Each algorithm An can access its related 
Instrument In thanks to an API based on the 
Procedural Description Language (PDL), defined 
in the IEEE 1687-2014 standard. These API 
requests are handled by an Execution Arbiter (EA) 
which polls them and translates them into system-
level vectors thanks to an internal System Model 
(SM). This latter can be obtained from standard 
languages (ex: the Instrument Connectivity 
Language, ICL, defined by IEEE 1687-2014) 
through standard ADE tools, but it can also be 
extended to support custom structures. The 
System Model contains a copy of the state of the 
SUT and their coordination is assured by the 
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Execution Arbiter: when the SM and SUT states 
are desynchronized, the EA is able to generate a 
series of actions (i.e. scan operations) to restore 
synchronization. This behavior is exploited to 
perform dynamic topology configuration: PDL 
operations are posted as modifications to the SM, 
so that the EA can generate the necessarily 
actions to restore synchronization and therefore 
obtain the desired configuration. 
This behavior has been completely specified and 
has been accompanied by an extensive analysis 
and generalization effort in order to define the 
minimal information set needed for the System 
Model. This knowledge has been used as the 
base for developing of piece of software, the 
MAnager for Soc Test (MAST) that implements 
the flow of Figure 2. The main reason for this 
effort is to validate the theoretical assumptions by 
applying them to industrial use cases, whose 
results can be used for scientific dissemination. 
While 2016 was focused on scientific production, 
the fulcrum of 2017 was the Incubation of the 
project through Linksium with the target of 
creating a start-up in 2018. 
On the technical side, MAST was enhanced to 
support as many features of the IEEE 1687 
standard as possible, most noticeably by 
implementing a native ICL parser. A special 
attention was also put to packaging and user 
experience. We also explored applications of 
MAST in connected fields such for instance 
functional safety of mixed-signal testing [1]. 
On the organizational side, we explored various 
incubation options and launched a great survey 
with the main silicon and tool providers to find the 
best fit for MAST. This was done both remotely 
(email, phone) and in person, both in Grenoble 
and in major conferences such as the 2017 
International Test Conference and 2017 European 
Test Symposium. 

3. References 
[1] M. Portolan, M. J. Barragan, R. Alhakim, S. Mir, “Mixed-

signal BIST computation offloading using IEEE 1687”, 
2017 22nd IEEE European Test Symposium (ETS), Year: 
2017, Pages: 1 - 2, DOI: 10.1109/ETS.2017.7968222 
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Assertion-Based Verification for Systems on Chip 

Keywords: Temporal properties for hardware and software, runtime monitoring 
Members: L. Pierre, E. Brignon, M. Chabot 
Contracts: SPICA (FUI) 
 

1. Context 
The design of today’s systems on chip raises 
difficult issues, in particular regarding verification. 
To enhance the verification process, our on-going 
project (see Figure 1) targets the design and the 
implementation of techniques for the Assertion-
Based Verification (ABV) of both System-level and 
software requirements of systems on chip and 
embedded systems [1]. 
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Figure 1: ABV for Systems on Chip - Current work 

Two prototype tools have been developed for the 
automatic runtime monitoring of hardware/software 
requirements expressed as temporal assertions 
formalized using the PSL IEEE standard (Property 
Specification Language):  
§ ISIS [2] enables the automatic instrumentation 

of SystemC TLM virtual platforms with assertion 
checkers in order to check (during simulation) 
system level requirements on the interactions 
between hardware or hardware/software 
components, 

§ OSIRIS (still in progress) automatically 
generates assertion checkers from software 
requirements and instruments C programs with 
these verification components, together with an 
observation mechanism that enables their 
event-driven activation. It can instrument either 
C source codes or binary files.  

Both types of assertion checkers can be used for 
debugging purposes.  
Additionally, a refinement flow enables to convey 
the system-level properties along a synthesis 
procedure, thus allowing to check them at the 
Register Transfer level. At that level, they express 
more accurate requirements, refined to take into 
account actual protocols and timing constraints 
introduced during high level synthesis.  

Ultimately, such concretized system-level assertion 
checkers, and the software requirements checkers, 
can be implemented with the system in the final 
device, to perform online monitoring. 

2. On-going work 
In this overall project, recent and on-going work is 
emphasized on Figure 1: 
(1) Improvement of the checkers generated by 
ISIS. These components report satisfaction or 
violations of the assertions during simulation. 
However, a textual SystemC simulation trace can 
be several MB or GB large, and a large amount of 
checker messages may be scattered in such a 
simulation result. The analysis of the verification 
results can be extremely burdensome. To ease this 
analysis and to alleviate debugging activites, our 
verification infrastructure has been enhanced 
towards the runtime identification of key verification 
events (i.e., start, decision, and end of each PSL 
assertion evaluation) [3]. To that goal, those key 
events have been semantically characterized, and 
the checkers that are generated by ISIS can now 
produce additional messages pertaining to these 
events. Furthermore, structured verification data 
can also be stored in a database, and analyzed by 
a post-processing tool. 
(2) New version of OSIRIS. This tool focuses on 
the ABV of software requirements. Two alternatives 
are proposed, either to instrument C source files 
with assertion checkers, or to dynamically 
instrument binary codes under execution. Our first 
version of the binary instrumentation solution 
requires suspensions of the software under 
observation; experimental results have shown that 
the resulting CPU time overhead could become 
prohibitive, in particular when all the checkers are 
kept enabled along the execution. A second 
version of this tool has been designed, for bare 
metal embedded applications. In this version, the 
assertion checkers are interrupt triggered. First 
experimental results demonstrate much better 
performances.  

3. References 
[1] L. Pierre: “Assertion-Based Verification IP's”. Présentation à 

la Journée Vérification en ligne du matériel au logiciel, GDR 
SoC2, Dec. 2017. 

[2] http://tima.univ-grenoble-alpes.fr/amfors/Isis/isis.html 
[3] L. Pierre, M. Chabot: “Assertion-Based Verification for SoC 

Models and Identification of Key Events”. Proc. Euromicro 
Conference on Digital System Design (DSD'2017), August 
2017. 
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Testing Framework for Cyber-physical System Design 

Keywords: Multi-disciplinary system design and requirements, test specification, test automation 
Members: L. Pierre, M. Chabot, Y. Ducruy 
Contracts: CIFRE PhD (with Schneider Electric) 
 

1. Context 
This work targets a specific methodology for the 
M&SBSE (Modeling and Simulation-Based 
Systems Engineering) of cyber-physical systems. 
The design of such systems, in which the 
operations of physical entities are controlled by 
computing cores, is particularly challenging since it 
requires the cooperation of many disciplines. We 
have defined a requirement driven testing approach 
to improve the design and verification processes. It 
is based on a unified testing framework and a 
generic test infrastructure [1]. As summarized on 
Figure 1, the advocated principle is to start from the 
requirements, and to create specialized test 
infrastructures (each of them is distinctive of a 
given standard or set of user requirements). Then 
the successive steps of the design process are as 
follows: 
§ these specific instances of the generic test 

infrastructure motivate a uniform system 
interface for the models of all disciplines that is 
delivered to the designers who create their 
models accordingly, 

§ from these abstract models, system designers 
then produce a simulatable model at a more 
concrete level (e.g., a Simulink model), 

§ in parallel, the specified behaviour of each tester 
is automatically translated into an executable 
scenario, and finally the validation engineer 
simply has to integrate the simulatable model in 
the test infrastructure and to run simulation. 
Note that this executable scenario can also be 
automatically transformed into a validation plan 
(e.g., for TestStand/Labview) to automate the 
validation of the final product with a test 
platform. 
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Figure 1: Requirement driven testing method 

Structural aspects of the generic test infrastructure 
have previously been investigated with great care 
[1], and specified in SysML as Block Definition 
Diagrams (BDD) and Internal Block Diagrams 
(IBD). A generic Tester includes two interacting 
subcomponents: a TestCoordinator, and a Wrapper 

to encapsulate the system under test. The 
TestCoordinator includes an arbitrary number of 
Emulator components: each Emulator corresponds 
to one specific interaction with the system under 
test. 

2. Test automation 
More recently our work focused on the behavioural 
aspects of this test infrastructure. We have 
specified and implemented a method that enables 
to automatically transform models of test scenarios 
originating from requirements into automated tests, 
thus driving the verification process from early 
design phases to simulation, and ultimately to the 
validation of the final product [2]. 
We enable to express test scenarios as SysML 
Sequence Diagrams that specify the interactions 
between test emulators and the system under test. 
A test scenario is modeled as an ordered sequence 
of interactions. These interactions are either simple 
messages that enable to get or to set a value 
through the dedicated ports identified during the 
requirements analysis phase, or combined 
fragments that express repetitions of actions, 
optional or conditional actions, or parallel actions. 
From such a SysML behavioural description of the 
test scenario, our tool automatically generates an 
executable scenario used to drive the simulation. 
Our method for producing executable scenarios 
from sequence diagrams consists in generating a 
finite state machine (FSM) able to communicate 
with the system through the specific ports. The 
communication events are modifications or 
readings of values in the system. 
Great care must be taken in ensuring that the 
automatic translation process infers a total order for 
the actions of the tester. Our algorithm first 
produces a tree-like structure that represents this 
total order, then this tree is traversed to build the 
FSM. This FSM model can be concretized into 
various languages. Experiments have been 
performed for several Matlab/Simulink use cases; 
in that case, the FSM used to drive the simulation 
was expressed as a Simulink stateflow chart. 

3. References 
[1] M. Chabot, L. Pierre, A. Nabais-Moreno:  

“A Requirement Driven Testing Method for Multi-
disciplinary System Design”. Proc. ACM/IEEE Int. 
Conference on Model Driven Engineering Languages 
and Systems (MODELS'2016), October 2016. 

[2] L. Pierre: "Verification of Cyber-physical Systems: 
from Requirements to Automated Tests", presented 
at FETCH'2018, January 2018,  
https://sites.google.com/site/fetch2018a/ 
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Synthorus-2: Automatic Compilation of Properties into Synthesizable 
Designs 

Keywords: Correct by construction, Assertion-Based Design (ABD), PSL 
Members: N. Javaheri, K. Morin-Allory, D. Borrione 
 

In the context of verification, declarative properties 
about the behavior of a design (Assertions) or its 
environment (Assumptions) are checked using 
dynamic or static verification tools.  Once refined 
down to the register transfer level (RTL), a 
complete set of assertions unambiguously 
characterizes how a module reacts to signals sent 
to it, logically and temporally. Assertions may be 
written in one of two IEEE standard languages: 
Property Specification Language (PSL) and System 
Verilog Assertions (SVA). Many tools are available 
to compile assertions into monitors, i.e. verification 
IP's that check the design correctness, either by 
simulation or emulation. 
Our project considers the direct production of 
compliant control and communication modules from 
a set of assertions, which are seen as the 
specification of the module to be designed. We 
directly compile the synthesizable RTL design from 
its assertions. For each property, we obtain a 
compliant RTL component called reactant: its 
inputs and outputs are operands of the property, it 
reacts to the input values and produces output 
values so that the property holds. 
This fast prototyping from assertions will not soon 
replace manual design, the results are not currently 
competitive. Still, it may come early in the design 
flow, and resulting reactants can be used for: 
§ Replacing a nonavailable module by a fast 

prototype of it, to check a more comprehensive 
design. 

§ Replacing the (possibly very complex) 
environment of a designed module by a fast 
prototype of just the part of the environment that 
interacts with it. 

§ Debugging specifications by generating 
properties to be model-checked, during the 
compilation process. 

In contrast to most other works that are based on 
automata and game theory, our method is modular: 
it is based on the interconnection of primitive library 
modules for the logical and temporal operators of 
the property, according to its syntactic structure, a 
technology that we initially introduced to compile 
assertions into monitors (Horus). In the 2014 
report, we illustrated the construction of the 
reactant for a property written in terms of temporal 
operators [1]. In 2015, we extended the method to 
SERE's (sequential regular expressions) [2]. To our 
knowledge, this is an original feature, other authors 
only reported processing linear temporal operators. 
The years 2016 and 2017 were devoted to showing 
the proof of concept for producing reactants from 
SVA, and to formally proving the correctness of the 
reactant construction, using the PVS proof 

assistant (on the basis of the proof of monitors that 
had been performed ten years ago). 
The main achievements of this research are: 
§ A new semantic definition of the logical and 

temporal operators of PSL and SVA, compliant 
with the standard formal semantics, which 
exhibits a dependence relation between the 
operator's operands. It expresses which 
operand may constrain the value of the other.  

§ A hardware interpretation for the dependence 
relation, foundation for our library of primitive 
reactants. 

§ A unification between the concepts of monitor 
and reactant, and the formal proof of 
correctness w.r.t. the formal semantics of PSL 
and SVA. 

§ When a same variable appears in several 
distinct properties, the automatic identification of 
which properties monitor the variable and which 
ones generate its value (annotation). If a 
variable is an output for several reactants, a 
solver is produced to generate the variable final 
value (resolution). 

SyntHorus-2 is the software prototype tool that 
implements these principles [1,2]. It takes as input 
the interface declaration of the specified module 
and a set of properties written in the simple subset 
of PSL, and produces a RTL design in the 
synthesizable subset of VHDL (see Fig.1). The 
circuit is constructed as the interconnection of the 
reactants for all the properties, together with 
solvers. It is a register transfer level model that is 
input to a conventional industrial synthesis tool to 
obtain the final implementation, either on FPGA or 
on an ASIC. 
Moreover, as an aid to specification debug, 
Synthorus-2 may generate a set of complementary 
properties to verify (by model checking) if the input 
set of properties are complete and consistent. 
SyntHorus2 compiles several dozen properties in 
seconds, and produces a reasonably sized RTL 
circuit model. Experiments and performances are 
reported in [1,2]. 
Application prospects include the extension of our 
technology to the observation of real time operating 
systems. As a proof of concept, a preliminary study 
was started in cooperation with a group from 
Université de Nantes. We developed a RISC V 
based FPGA platform, and used Synthorus2 to 
instrument it, under the form of monitors capable of 
observing properties on the OS kernel. 
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References 
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Fig.1: The SyntHorus-2 Flow 
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Clock Domain Crossing StaticVerification 

Keywords: Multi Clock Circuits, GALS, Clock Domain Crossing, Formal Verification, Model Checking 
Members: M. Kebaili, G. Plassan, K. Morin-Allory, D. Borrione 
Cooperations: STMicroelectronics, Synopsys 
Contracts: CIFRE contracts for M. Kebaili and G. Plassan 
 

The design of large circuits assembles IP’s and 
blocks coming from various design teams, each 
with their own clock. For instance, circuits for 
games or set top box applications easily include in 
excess of 25 blocks. To guarantee low power 
consumption, the clock of a block is set at the 
lowest frequency compatible with the execution 
time required the block. Thus, all the clocks have 
their own speed, and there is no guarantee that 
clock cycles are multiple of a basic master clock 
nor that two clocks are phased. Each clock 
constitutes a clock domain, and any two clock 
domains are considered mutually asynchronous: 
the design is globally asynchronous locally 
synchronous (GALS).  
Clock domain crossing (CDC) is the transmission 
of information between two clock domains. A 
synchronizing module (synchronizer) is needed to 
connect a source signal, output of a flip-flop in a 
transmitter domain, to the input of a destination 
flip-flop in a receiver domain, because the 
sampling by the receiver clock may happen 
before the input signal has reached its correct 
stable value. It is therefore essential to guarantee 
the correctness of the communication protocol 
and the synchro-nization between the modules. 
Major EDA providers propose CDC static 
checkers to perform two kinds of verification 
(Fig.1): 
1. Structural verification detects the synchro-

nizers in an input hardware description (at RTL 
or Gate level), using a library of patterns 
describing the synchronization structures. 

2. Functional verification calls upon a Model-
Checking engine to prove formal properties on 
each model identified during the structural ver-
ification. In most CDC checkers, the properties 
depend on the type of synchronizer detected. 

All tools recognize the control-based model of 
synchronizer, which is the minimal 
synchronization structure; typical handshake and 
FIFO structures may also be identified [1]. For 
each structure, a set of properties is associated to 
its recognition pattern.  
In industry, designers often develop their own 
synchronizers for performance reasons. As a 
result, CAD software fails to recognize them in a 
flat design, or the recognition is only partial. A 
strong interaction with the verification engineer is 
needed to provide constraints, case by case, 
which is both costly and non reusable. We 
investigated this problem in parallel along two 
directions: the definition a meta model for 
synchronizers, and a new strategy to deal with the 
state explosion in model checking. 

Library of
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Hardware
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Structural
Verification

Control-based
Model

Functional
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Properties

Handshake
Model

FIFO
Model

 
 

Fig. 1: State-of-the-art CDC verification flow 

1. Meta-Model for Synchronizers 
The meta-model aims at providing a fully 
automated CDC verification, by a complete 
recognition of all synchronization structures. It is a 
generalization of the handshake model. We have 
defined a generalized pattern, and an associated 
comprehensive set of properties to be formally 
checked: absence of metastability, absence of 
data loss and data consistency. 
The meta-model has been applied to a 
multiprocessor subsystem design from 
STMicroelectronics, containing 129 data 
synchronizers. The CDC formal verification using 
the meta-model was completed in less than 40 
minutes, while standard tools required over 45 
hours [3]. 

2. The UsAAR Methodology in Model 
Checking 

In even bigger designs, a conclusive answer 
(proven/failed) is not always obtained from the 
functional verification step of Fig. 1, with the tools 
of EDA providers. The verification of some 
properties reaches a timeout even after several 
days. The typical solution would be, for each 
property, to extract the CDC logic and focus the 
verification on just the small relevant part of the 
design. Yet, this manual effort is not realistic for 
large RTL designs. 
The key idea of our method is to let the user aid 
the model checking process by replying yes/no to 
a series of questions whose answers only require 
local design knowledge (see Fig.2). 
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Fig.2: CDC verification with UsAAR 

Technically, our underlying framework is a 
counter-example-guided abstraction refinement 
(CEGAR) algorithm: we maintain a sequence of 
abstractions with increasing precision until a 
definite result can be established. In contrast to 
fully automatic CEGAR approaches, the user here 
influences the refinement process. We therefore 
call our approach user-aided abstraction 
refinement (UsAAR) [2]. 
UsAAR was applied on a complex SoC design 
from STMicroelectronics, which holds over 
300,000 registers and 7 million gates, with 38 
clock domains and 17 primary resets. Compared 
to standard model checking with manual 
constraints, and to CEGAR-based model 
checking, the UsAAR method was the only one to 
prove all the 125 absence of metastability and 
data consistency properties, with a performance 
20 times better than the most efficient other 
method [2]. 

3. Automatic generation of missing 
constraints 

During the formal functional verification of RTL 
designs, a false failure is often observed. Most of 
the time, this failure is caused by an under-
constrained model. The analysis of the root cause 
for the verification error and the creation of 
missing assumptions are a significant time 
burden. We developed an algorithm which 
automatically infers these missing assumptions 
from the counter-examples provided by the model 
checker upon failure. First, we force the model 
checker to generate multiple counter-examples. 
Then, we extract common root causes of the 
failure from the set of counter-examples, using 
mining techniques combined with a structural 
analysis of the netlist. Finally, we generate 
realistic temporal assumptions for the user to 
review. The validity of our methodology was 
shown on two academic and one big industrial 
design [3]. 
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1. Context and goals 
Significant effort has been targeted since more 
than fifteen years on developing efficient 
techniques to analyse, at design time and early in 
the design flow, the functional consequences of 
soft errors in digital circuits. The goal is to 
precisely identify the soft errors leading to 
unacceptable application disturbances, in spite of 
all the possible masking effects due to the circuit 
architecture or to the application characteristics. 
Most of the proposed techniques start from 
synthesizable RTL descriptions, already close to 
the final hardware in terms of cycle accuracy and 
in terms of memory cells identification. Higher 
level descriptions may in some cases be used, 
with limited representation of soft error locations 
and reduced accuracy in terms of propagation 
analysis. Embedded software is also taken into 
account in the case of systems based on 
microprocessors. Robustness evaluations may 
aim at (1) classifying the soft errors with respect to 
their functional impact, in order to compute 
derating factors on the application failure 
probability, (2) identifying error propagation paths, 
(3) identifying critical locations or registers, (4) 
ensure that a given set of behavioural properties 
always hold for a given set of soft errors (e.g., a 
given maximum multiplicity of erroneous bits). So-
called fault injection techniques are used in most 
cases. For the latter case, the use of formal 
approaches had also been studied in order to 
avoid exhaustive fault injections, but with the 
classical limitations of formal techniques in terms 
of scalability and/or automation. New techniques 
have also been developed to improve or to avoid 
fault injections, without such limitations. Also, 
system-level properties (or modelling) are 
considered in order to refine the dependability 
evaluation. 

2. Recent outcomes 
The most recent fault injection platform developed 
in the team is based on emulation and takes 
advantage of the partial reconfiguration 
capabilities of Virtex 5 FPGAs. It was made freely 
available [1] and has been transferred in 2017 to 
STMicroelectronics. 
In parallel, a significant effort has been targeted 
towards new approaches, avoiding costly and 
time-consuming fault injections at least in some 
phases of the circuit development. It was 
demonstrated in 2016 that the dependability of 

digital circuits described at RT-level (with potential 
embedded software) can be accurately evaluated 
by leveraging the simulation environment 
developed for functional verification. Data lifetimes 
in circuit registers are analysed on the basis of a 
single functional simulation and the approach 
guarantees conservative criticality results that is 
not the case of statistical fault injection. Accuracy 
is similar to usual statistical fault injection 
conditions and allows identifying the most critical 
registers for a given application run. It is also 
faster than even emulation-based fault injections 
while not requiring specific equipment or skills. 
The analysis tool was protected in 2016 [2] for 
valorization. The limitation is today that only 
intrinsic error masking can be identified; specific 
fault-tolerance mechanisms added to improve the 
intrinsic robustness cannot be taken into account 
in this version. Further work is planned on this 
subject and collaborative work with LIRMM 
laboratory has been started [3]. 
Current work also targets meaningful fault 
injections at higher level, i.e. on virtual platforms 
developed in SystemC TLM. The challenge here 
is to guarantee a good correlation between the 
robustness analysis on such a platform and the 
results obtained at RT-level. Another aspect of the 
work aims at refining the robustness analysis by 
taking into account system-level properties rather 
than the correctness of the circuit boundaries. A 
previous study had shown that especially in cyber-
physical systems circuit outputs may be incorrect 
during a large number of cycles and with large 
value discrepancies without significant impact on 
the global system behavior. Identifying such 
situations is important to avoid over-estimations of 
system-level failure rates. 

3. References 
[1] http://users-tima.imag.fr/amfors/leveugle/ATE-

FIT5%20Page/ATE-FIT5.htm 
[2] R. Leveugle, K. Chibani, M. Portolan, EARS (Evaluation 

Avancée de Robustesse de Systèmes intégrés / Early 
Analysis of Robustness for integrated Systems), APP 
deposit No. IDDN.FR.001.530007.000.S.P.2016.000.10600, 
December 30, 2016 

[3] G. Di Natale*, M. Kooli*, A. Bosio*, M. Portolan, 
R. Leveugle, "Reliability of computing systems: from flip 
flops to variables", 23rd IEEE International Symposium on 
On-Line Testing and Robust System Design, Thessaloniki, 
Greece, July 3-5, 2017, pp. 196-198 (Invited paper)  
* LIRMM, France 



	

AMfoRS team - 15 

Design of secured crypto-processors and test access protections 
Keywords: security, cryptographic systems, fault-based attacks, side-channel attacks, countermeasures, 
authentication, IEEE 1687 
Members: P. Maistri, R. Leveugle, A. Mkhinini, V. Reynaud 
Cooperations: Faculté des Sciences de Monastir (Tunisia), Univ. Sousse - ENISo (Tunisia), ENSMSE, 
STMicroelectronics, Thales, LIRMM 
Contracts: SPICA (FUI), ALADDIn (IDEX Grenoble), HADES (Penta) 
 

1. Context and goals 
A current trend for many products, and in 
particular for consumer and IoT products, is 
toward an increasing need of security 
(confidentiality, data integrity, and/or 
authentication). These services rely on protocols 
and algorithms, which can be implemented in 
software or hardware according to the 
performance requirements, and to the cost 
constraints. Cryptography is at the heart of those 
systems. 
Many current secure implementations rely on 
specific hardware blocks to implement the main 
cryptographic functions. These functions can be 
tampered by various attacks, either active (fault-
based attacks) or passive (side-channel attacks: 
computation time analysis, power analysis, 
observation of electromagnetic emissions…). So-
called hardware attacks target the implementation 
rather than the algorithm itself and are today a 
significant threat for security, in addition to 
software- or network-based attacks. 
The work done in the team aims at (1) better 
characterizing and modelling the effect and 
feasibility of attacks, in particular fault-based 
attacks by various means, and (2) propose 
innovative countermeasures (i.e., protections) 
against the different types of attacks. This section 
of the report is focused on the crypto-processor 
implementations, but with an extension towards 
authentication and the possibility to secure test 
access in the context of complex devices. 
Our countermeasures are mainly implemented at 
RT-Level, even when targeting low-level 
characteristics such as power consumption 
analysis. A lot of work has been focused on the 
development and validation of robust re-usable 
cores (IPs) for cryptography. Previous and on-
going studies cover symmetric (AES and 
lightweight implementations) and asymmetric 
(mainly ECC) cryptosystems. Work was also 
carried out on hardware implementations for Full 
Homomorphic Encryption (FHE) and new work is 
dedicated to hierarchical access authorizations to 
embedded test and monitoring devices. 

2. Recent outcomes 
A significant part of the work in 2017 was targeted 
towards hardware acceleration of Full 

Homomorphic Encryption (FHE), in collaboration 
with Faculté des Sciences de Monastir and ENISo 
(Tunisia). Some results have been published in [1] 
and the full work has been reported in [2]. It was 
demonstrated that efficient and flexible 
implementations can be obtained using High 
Level Synthesis (HLS). The tool used is AUGH 
that is developed at TIMA in the SLS team. 
Results illustrated in Figure 1 show for example 
that polynomial multipliers with very large size of 
coefficients and/or very large degrees can be 
efficiently generated with little effort while 
characteristics of hand-made designs proposed in 
the literature are much more limited. A complete 
prototype has been demonstrated for the 
acceleration of the scheme FV. 

	
Figure 1: 

Different parameters (degree, coefficients size) supported with 
our work compared to the state of the art [1] 

A project launched in 2017 aims at experiencing a 
new second-order laser attack on AES crypto-
processors protected by specific time redundancy 
(so-called DDR approach). The work is based on 
circuits manufactured in a previous project (ANR 
LIESSE) by our partner STMicroelectronics in 
28 nm bulk and FDSOI technologies. It is carried 
out in collaboration with our colleagues from 
ENSMSE in Gardanne. First experimental results 
are under analysis and new experiments are 
planned in 2018. 
Another project aims at protecting the access to 
embedded instruments in the framework of IEEE 
1687 standard. In addition to protecting the scan 
test access, as in older circuits, it becomes 
necessary to selectively protect the access to 
specific monitors that can provide sensitive data 
to an attacker but need to be accessed on-line 
during the whole lifetime of the circuit. There is 
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therefore a need for (hierarchical) authentication 
and a real concern about the security of such 
access when millions of chips can be 
disseminated worldwide. In relation with this 
context, we are also working on a flexible 
generation environment for lightweight crypto-
processors, including several algorithms, several 
types of hardware counter-measures, self-test 
features, … all being optimized for both ASIC and 
FPGA implementations. 
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1. Context and goals 
Protecting a design against natural perturbations 
or malicious attacks can be done at several levels. 
We mostly focus here on approaches that can be 
applied at RT-Level, therefore quite early in the 
design flow and easy to synthesize on several 
physical targets (several ASIC technologies, 
FPGAs …). Previous studies in the team also 
included operating systems or software 
modifications but we mainly focus on hardware 
protection techniques. Some protections aim at 
improving reliability, safety and/or availability 
against natural perturbations (radiations, particles, 
electromagnetic fields) and other disturbances 
caused for example by process, voltage and 
temperature (PVT) variations. Some others are 
dedicated at improving security against malicious 
attacks, either passive (based e.g., on power or 
electromagnetic measures) or active (laser-, 
glitch- or electromagnetic-based perturbations). 
For protections specifically dedicated to security, 
see the section entitled "Design of secured crypto-
processors"; these aspects will not be developed 
in this section. We will focus in this part on 
approaches used for natural perturbations but that 
may also be used in a security context for fault-
based attacks only. 
Due to the increasing spatial multiplicity of error 
patterns, protecting a circuit with information 
redundancy is more and more difficult. This is 
particularly true when malicious attacks are 
concerned, but the problem exists also for natural 
perturbations. Another approach consists in using 
functional checks. In this context, we had 
proposed and demonstrated a new approach for 
microprocessor-based systems, called IDSM. 
Checks include not only the control flow, but also 
the validity of operations and the integrity of 
critical data, with several possible trade-offs 
between overheads and error detection. The 
approach allows checking not only the main 
application program, but also the boot phase and 
the calls to external functions, for which the 
source code is not available (e.g., pre-compiled 
library functions). No assumption is made on the 
error multiplicity. 
As initially proposed, the approach is not intrusive 
and compatible with the norms requiring a 
complete separation between the nominal 
functions and the checking features (e.g., for 
automotive applications). Prototypes had been 
developed including (1) a specific watchdog 

processor (or infrastructure IP) and (2) 
development tools. The watchdog program was 
automatically generated at compile time by a 
modified version of the GCC compiler. Additional 
tools had been developed to cope with linkage 
constraints. A prototype had been demonstrated 
on the Leon3 processor. Overheads were smaller 
than those induced by the classical lock-step 
duplication. Another advantage with respect to 
duplication is to ensure diversity, making 
successful malicious attacks much more difficult 
to achieve. 

2. Recent outcomes 
The work done these last years in the SPICA 
project aims at transferring the principles of the 
approach on other processors in industrial 
contexts. In 2015, after a first evaluation on an 
ARM core, the focus was put on a ST proprietary 
microprocessor. The approach has been revisited, 
taking the new micro-architectures as well as 
additional industrial constraints into account. In 
particular, the need for taking care of indirect 
jumps or calls arose and was carefully analyzed 
[1]. Such a constraint is not covered by control-
flow techniques previously published but has been 
identified as unavoidable in the considered 
industrial context. An approach to resynchronize 
the watchdog after an indirect branch, at the 
expense of limited intrusiveness in the initial 
system, has been proposed and evaluated [1]. A 
full demonstrator has been developed for this 
microprocessor in 2017. In parallel, work has 
been carried out by our second industrial partner 
(Dolphin Integration) and showed with similar 
constraints the feasibility of applying the approach 
on their own microprocessors. 
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According to the International Technolo y 
Roadmap for Semiconductors (ITRS), as we 
move towards the post-CMOS era with the 
continuous downscaling of the feature sizes, the 
lowering of power supply voltages and the 
increasing of operating frequencies, the reliability 
of circuits is threatened by the increased process-
voltage and frequency variations. In these 
environments, the designs should be able to 
provide either full functionality (e.g. full critical 
systems), or degraded one in the case of 
consumer applications even in the presence of 
high failure rates. To accomplish this, the systems 
should be able to adapt to manufacturing and 
runtime failures and continue their functioning.  
Error resilience in on-chip networks is addressed 
in this work. Although, the presented solutions 
tackles the problem at the network level, it is 
orthogonal to other developed solutions at other 
levels (e.g. link-level, end to end recovery) and 
can work complementarily to them. 
We proposed in 2015 an error resilient solution 
designed for 2D Mesh NoCs [1]. This solution is 
based on the use of local information such as 
state of links and routers. It consists of an 
adaptive fault tolerant routing algorithm named 
CAFTA (Congestion Aware Fault Tolerant 
Algorithm) enhanced with neighbor fault-aware 
knowledge. In order to improve transmission 
latencies and to effectively guide the routing 
decisions towards load-balanced network traffic, a 
new metric is introduced. In the presence of 
runtime errors, packet retransmission combined 
with novel message recovery mechanisms are 
utilized in order to provide fault tolerance under 
high failure rates. Extensive simulation 
experiments under various fault types (permanent, 
transient, intermittent) commonly encountered in 
advanced technology nodes demonstrated the 
effectiveness of the proposed fault tolerant 
scheme. 
To evaluate the impact of the network topology on 
CAFTA efficiency, we extended the proposed 
algorithms to a 2D torus Network-on-Chip [2]. Due 
to its higher connectivity, torus topology offers 
more connectivity in terms of potential paths 
between any source and destination pair. The 
main difference between Mesh and Torus 
topology is that for torus NoCs vertical and 
horizontal wrapping links are added. 
Before extending CAFTA to this topology, we 
must guarantee that the routing algorithm is 
deadlock free. Based on Dally theorem [20], a 

routing algorithm is deadlock free if and only if its 
channel dependency graph is acyclic. Variant B, 
the used routing algorithm, for 2D Mesh is proved 
deadlock free, but is it still the case when 
introducing the additional Torus wrapping links? 
We answered this question by defining a set of 
turn restrictions adapted to this torus topology. 
Extensive simulation experiments for different 
NoC sizes, traffic types, traffic loads and fault 
injections allowed us to compare the behavior of 
the 2D Mesh and the 2D Torus topologies. 
Compared to the mesh topology, the experimental 
results show that the saturation threshold is 
improved on average of 20 % for all traffic types.  
Another important result consists in the packet 
delivery rate for torus topology (Fig. 1). In the 
case of random uniform traffic, more than 99, 6 % 
of the packets reach their destination even in the 
presence of 40 % of faulty links. This ratio is 
higher than the case of mesh topology.  

 
Figure: Packet delivery rate with faulty links: torus vs mesh 
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1. Context and goals 
With CMOS technology scaling, it becomes more 
and more difficult to guarantee circuit functionality 
for all process, voltage, temperature (PVT) 
corners and compensate for different sources of 
variability. Moreover, circuit wear-out degradation 
lead to additional temporal variations, potentially 
resulting in timing and functional failures. Under 
normal operation conditions, a transistor can be 
affected by various aging effects such as Hot 
Carrier Injection (HCI), Bias Temperature 
Instability (BTI), and Time Dependent Dielectric 
Breakdown (TDDB). In these advanced 
technologies, local and global variability, aging 
phenomena, such as NBTI and HCI impact have 
become the most critical reliability issues. Hence, 
taking into account these phenomena during the 
logic cells characterization step, but also at the 
circuit and system design and validation levels are 
mandatory, especially for high reliable application 
such as automotive applications, or mixed critical 
applications. In fact, these reliability threats can 
severely degrade the performance and in the 
worst case they can provoke system failures, 
affecting safety goals of specific reliable systems 
(automotive or health care embedded 
applications). 
Therefore, accurate simulations with physical 
degradation models of the aging phenomena 
combined with silicon actual measures are 
necessary to better understand and assess the 
reliability impact on a complex digital design. A 
conventional method handling such problems is to 
provide more safety margins (called guardbands) 
in the circuit design phase. Adding pessimistic 
timing margins to guarantee all operating points 
under worse case conditions is not acceptable 
anymore due to the huge impact on design costs, 
such as up to 10% increase of slack time, with an 
upward trend as technology moves further.  
Therefore, the usage of in-situ monitors for error 
and pre-error detection becomes a must, as they 
allow decreasing the constraints imposed on the 
overall design. In addition to the reduction of 
design margin, adaptive voltage scaling (AVS) 
technique or Dynamic Voltage Frequency Scaling 
(DVFS) triggered by pre-errors in-situ timing 
monitors may be used to adapt dynamically the 
frequency and the voltage according to the 

operating conditions and the application needs [1]. 
Thus, the performance degradation is 
compensated and the circuit’s lifetime can be 
extended. 

2. Recent outcomes 
In the framework of a long term on going 
collaboration between TIMA and ST 
Microelectronics several aspects have been 
tackled and arrived to some maturity in 2017: 
§ a new methodology for pre-error monitor 

insertion in digital block without workload and 
pattern availability has been proposed. 
Basically, the timing of data path arriving to an 
endpoint register is analyzed, and a weight is 
calculated as a figure of merit. This work 
accounts for stochastic dispersion, aging, 
global corner process, voltage and 
temperature variations. The important role 
played by the sub- critical path is illustrated 
with silicon measurement. [2]. This work 
completes the critical path selection strategy 
developed in the past. 

§ Another aspect was to finalize the process 
variation and aging sensitivity estimation 
methodology applied to a large digital circuit. 
The main idea was to to understand how the 
critical paths are aging. For doing that we used 
gate-level models able to capture the aging 
induced stress experienced by the 
corresponding standard cell. We performed 
simulation of several different digital cells with 
different duty cycles and showed the 
importance of the activity and thus the 
workload in the assessment of the delay 
increase of a gate due to aging. [3].  

§ The simulation flow leading to the identification 
of specific workloads provoking critical paths 
aging has also been proposed. By applying 
this flow the critical path ranking was observed 
as changing in time.  This allowed us to 
properly quantify aging margins for a specific 
worst case or average workload. The accurate 
estimation of workload dependent aged critical 
path ranking allows further for a judicious use 
of in-situ performance monitors without an 
increase in area overhead. [4] 
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3. Perspectives 
Body bias management by using In Situ Monitors 
feedback will be implemented and demonstrated 
with post silicon measurements. These data will 
be used to enhance delay models of standard cell 
designs but also to accurately compute the path 
delay, which will be useful to predict the lifetime of 
a complex system on chip or a product. 
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1. Context and goals 
With CMOS technology scaling, it becomes more 
and more difficult to guarantee circuit functionality 
for all process, voltage, temperature (PVT) 
corners and compensate for different sources of 
variability. Moreover, circuit wear-out degradation 
lead to additional temporal variations, potentially 
resulting in timing and functional failures. Under 
normal operation conditions, a transistor can be 
affected by various aging effects such as Hot 
Carrier Injection (HCI), Bias Temperature 
Instability (BTI), and Time Dependent Dielectric 
Breakdown (TDDB). In these advanced 
technologies, local and global variability, aging 
phenomena, such as NBTI and HCI impact have 
become the most critical reliability issues. Hence, 
taking into account these phenomena during the 
logic cells characterization step, but also at the 
circuit and system design and validation levels are 
mandatory, especially for high reliable application 
such as automotive applications, or mixed critical 
applications. In fact, these reliability threats can 
severely degrade the performance and in the 
worst case they can provoke system failures, 
affecting safety goals of specific reliable systems 
(automotive or health care embedded 
applications). A conventional handling method for 
such problems is to provide more safety margins 
(called guardbands) in the circuit design phase. 
Adding pessimistic timing margins (or equivalent 
voltage margins) to guarantee all operating points 
under worse case conditions is not acceptable 
anymore due to the huge impact on design costs, 
with an upward trend as technology moves 
further. 
To reduce performance loss and design 
constraints, delays violation monitors can be 
inserted into the circuit to observe transistor 
degradation and adapt operating conditions to 
mitigate them, thanks to techniques such as 
Adaptive Voltage Scaling (AVS) technique or 
Dynamic Voltage Frequency Scaling (DVFS). 
Monitors are usually inserted in near-critical paths, 
identified by classical techniques such as Static 
Timing Analysis (STA), with the assumption that 
they should be the first affected by transistor 
degradation. Even if promising this approach still 
has a serious weak point: phenomena such as 
NBTI and HCI are strictly correlated to circuit 
activity, which is of course dependent on the 
workload. This means that: 
§ Aging is not necessarily coherent with STA 

results, as near-critical paths may be seldom 
used. Experiments demonstrated how STA 

performed on aged circuits can deliver a 
significantly different set of near-critical paths 
depending on the workload; 

§ Other than the workload, the usage of 
AVF/DVFS techniques directly impacts aging, 
making priori evaluation impossible 

To tackle this issue, we decided to explore two 
complementary directions:  
§ Find a near-optimal monitor placement 

strategy based on predictive aging modeling; 
§ Develop online AVS/DVFS approaches which 

take into account both aging and performance 
issues. 

In both cases, we prioritize data-driven automated 
learning approaches to model the specific near-
unpredictable behavior of transistor aging. 

2. Recent outcomes 
In this context, the IEEE 1687 standard is an 
interesting opportunity because it allows both 
easy access to deeply embedded instruments and 
the definition of algorithmic operations. By 
defining a 1687-compliant infrastructure for both 
monitors and DVFS, the developing effort would 
be greatly reduced while in the same time 
boosting reusability. Moreover, the MAST 
software developed by TIMA couples traditional 
1687 access with state-of-the-art functional 
approaches: it is therefore possible to ally run-
time monitor access, on-the-fly data mining, 
feature extraction and decision-making to obtain a 
new, innovative and complete solution. 
The PhD of K. Senthamarai Kannan, started in 
November 2017, focuses on developing the 
theoretical and practical foundations for this 
approach, with a special emphasis on the usage 
of machine learning. 
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1. Design for Testability and Reliability of In-
Memory Computing Applications 

Members: L. Anghel, E.I. Vatajelu 
Cooperations: IMEP-LAHC, LIRMM, TU Delft 
Today’s computing systems are facing a plethora 
of issues, amongst which, the so called “memory 
wall” poses important problems in terms of speed 
and power consumption, limiting the Central 
Processing Unit’s (CPU) capabilities. This is due 
to the growing disparity of speed between CPU 
and memory outside the CPU chip [1]. An 
important reason for this disparity is the limited 
communication bandwidth beyond chip 
boundaries. The trend of placing more and more 
cores on chip exacerbates the problem, since 
each core enjoys a relatively narrower channel to 
shared memory resources. The problem is 
particularly acute in highly parallel systems, but 
occurs in platforms ranging from embedded 
systems to supercomputers, and is not limited to 
multiprocessors. All these issues, together with 
the promising development of non-volatile 
technology devices, open the path for developing 
brand new computing paradigms such as in-
memory computing. This is a non von-Neumann 
computing paradigm. 
In-Memory Computing (IMC) concept is based on 
the tight integration of memory elements and 
computational circuitry, to minimize the time and 
the energy needed to move data across the 
processor. Actual research efforts are directed to 
proving the effectiveness of memristors to achieve 
the in-memory computing ambition through the 
development of new architectures with low cost, 
high reliability and low power consumption. In this 
context, our goal is on the development of 
models, characterization and methods 
targeting the enhancement of the 
dependability of the non-volatile-based in-
memory computing basic blocs. We will 
address circuit design, test and reliability 
challenges related to resistive technologies, from 
the computing-memory cell up to the In-Memory 
Computing architecture. 
Our current research and collaborations in relation 
with this topic are threefold: (i) to use enhanced 
compact models of memristive devices to perform 
an in-depth failure analysis and define pertinent 
fault models; (ii) to investigate meaningful 
reliability threats affecting memristive-based in-
memory computing modules and architectures, 
and derive solutions for their mitigation (Design-
for-Reliability), (iii) to establish design and test 

methodologies for these devices and architectures 
(2). 
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2. Test and Reliability for Switching Nano-
Crossbar Arrays 

Members: L. Anghel, E. I. Vatajelu 
Cooperations: U Milano, KIT, ITU Turkey, IROC 
Technology 
Project support: H2020 RISE NANOxCOMP  
Beyond CMOS, new technologies are emerging to 
extend electronic systems with features 
unavailable to silicon-based devices. Emerging 
technologies provide new logic and 
interconnection structures for computation, 
storage and communication that may require new 
design paradigms, and therefore trigger the 
development of a new generation of design 
automation tools. In the last decade, several 
emerging technologies have been proposed and 
the time has come for studying new ad-hoc 
techniques and tools for logic synthesis, physical 
design and testing.  
The main goal of the project and the overall 
cooperation is the development of a complete 
synthesis and optimization methodology for 
switching nano-crossbar arrays that leads to the 
design and construction of an emerging 
nanocomputer. The proposed methodology leads 
to the implementation of logic, arithmetic, and 
memory elements by considering performance 
parameters such as area, delay, power 
dissipation, and also reliability threats. As 
presented in the literature, emerging devices such 
as spintronic, memristor but also auto-assembly 
nano-crossbars arrays are not only prone to 
fabrication defects, but also sensitive to variations, 
intermittent and transient faults, and the resulting 
defect rates can be very high (up to 15 %). To 
tolerate high defect rates and variations, we focus 
on defect tolerance techniques to improve the 
manufacturing yield combined with fault 
tolerance design for lifetime reliability 
and variation mitigation to ensure the predictability 
and performance. Adaptive and built-in defect, 
variation and fault tolerant design flows, 
fundamentally different from conventional 
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approaches, are proposed in which the objective 
is to ensure high manufacturing yield and runtime 
reliability of the circuit at extremely low costs.	
Self-Test and Repair solutions for nano-crossbars 
have been proposed in [1]. Non-conventional 
defect and fault tolerant techniques are also under 
studies combining spatial and temporal 
redundancy, that includes adaptive self-mapping 
architectures of logic properties of the design on 
the valid nano-wires. 
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Dependable Low Power Spiking Neural Networks based on Emerging 
Technologies 
Keywords: spiking neural networks, reliability of spintronic based circuits, MTJ spintronic synapses 
Members: L. Anghel, E.I. Vatajelu 
Cooperation: SPINTEC-Grenoble 
Project support: EU H2020 NANOxCOMP 
 
1. Context and goals 
The power, reliability and technological issues of 
today's memories have led to intensive research 
of emergent memory technologies and emerging 
computing paradigms. One of the most promising 
emergent technology is the Spin-Transfer-Torque 
Magnetic Random Access Memory (STT-MRAM). 
It has the great advantage of favouring increasing 
system complexity and performance, while being 
CMOS compatible. Computation paradigms, such 
as hardware based neuromorphic computing, 
unfeasible a few years back due to technological 
limitations, can take profit from this technology. 
The usability of this type of devices in neural 
network hardware designs has been 
demonstrated recently. Most of these works state 
that emerging memory devices are ideal 
candidates for synaptic weight implementations. 
Moreover, in some cases, these devices have 
been shown to have good potential for artificial 
neuron implementation as well [1]. In these works, 
compound synaptic device, (CSS), consisting of 
multiple parallel MTJs working in the stochastic 
regime have been investigated together with MTJ-
based stochastic spiking neuron (SSN) circuits [2].	
The impact of process variation during the 
learning stage of a stochastic MTJ-based neuron 
and synapse that use bio-inspired learning rules 
has been investigated and presented in [3]. In this 
work we have presented a comprehensive 
reliability analysis of spintronic-based functional 
modules (a compound spintronic synapse and 
spiking neuron, proposed in [1]) for spiking neural 
networks by providing an in-depth study of 
meaningful threats. The effect of cycle-to-cycle 
and device-to-device variability has been 
evaluated, as well as the effect of non-nominal 
environmental conditions on the learning and 
inference operation modes of the spintronic 
functional module. 
Furthermore, in paper [4] we have presented an 
in-depth analysis of the behaviour of a fully-
connected single layer STT-MTJ-based spiking 
neural network designed for pattern recognition 
under the influence of fabrication- and 
environmental-induced variability. Synaptic 
variability has been shown to affect the efficiency 
of depression and potentiation during the learning 
mode, while neuron variability has been shown to 
cause deviation of the spiking time and modify the 
relation between pre- and post-synaptic spiking. 

This could lead to imprecise or slow learning 
process, that in turn translates in the necessity of a 
larger number of samples in the training set.  
At the network level, accounting for these 
variations and their impacts leads us to the 
following conclusion: the process variability has 
indeed an effect on the learning process of the 
SNN under study, but this effect can be mitigated 
by increasing the size of the network or/and the 
size of the training set. Our simulations show that 
for the minimum resolution synaptic weight, i.e., 
synapse designed with 1 MTJ device, using the 
minimum assumed training set, the recognition 
error can take values between 40.1 % and 72 %, 
while when using larger resolution synaptic weight 
(synapse designed with 16 MTJ devices) using the 
maximum assumed training set, the recognition 
error can take values between 7 % and 12.4 %. 
Cycle-to-cycle variation coming from the 
stochasticity of the write operation shows an 
impact on the recognition error as high as 30 % 
when 1 MTJ synapse is used with minimum size 
training set. However, when the SNN was 
designed with 16 MTJ compound synapse and the 
full training set was used, the recognition error 
remained basically the same. Another important 
fact observed when performing these simulations 
was that increasing the size of the training set is a 
more efficient means to mitigate the effect of cycle-
to-cycle variations, than increasing the resolution 
of the synaptic weight. However, increasing the 
size of the training set leads to increased energy 
consumption, while increasing the resolution of the 
synaptic weight leads to larger area footprint and 
larger power consumption. These trade-offs 
remain to be validated in the current and future 
works. 

2. Perspectives: Towards Dependable Brain-
Inspired Modular Architectures for 
Neuromorphic Computing 

In future research, we’ll target hardware design of 
the neural networks consisting in hardware design 
of hierarchical modular neural networks (rather 
than stratified networks, as it is the case for the 
deep neural networks) with modules re-usable 
over multiple applications, thanks to the ability to 
learn and adapt on-line. Moreover, such an 
approach allows to design and connect separate 
neural modules (much like standard IPs are being 
connected today), for the execution of the desired 
function, thus reducing the complexity of 
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interconnects. The dependability of such networks 
will be analysed, as the inherent fault-tolerance 
property may degrade due to strong restrictions 
on the size of the network. Accounting for 
dependability threats and using mitigation 
techniques when necessary, brings a new degree 
of freedom to the proposed neural architecture 
design. 
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Keywords: Energy harvesting, Piezoelectric materials, Piezoelectric layers fabrication 
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Contracts: Laureat (ANR 2014-17) 
 
Energy harvesting has been the subject of intense 
research over the last decades. Various 
transduction principles have been presented as 
potential ways of scavenging the ambient energy 
(thermal, mechanical, radiative…) and 
transforming it into usable electrical energy. 
Among these principles, the piezoelectric 
transduction is probably the most studied one.  
Most of the approaches that we have studied so 
far were based on resonant piezoelectric devices 
with working frequencies above 200 Hz. However, 
our current work is focused on the development of 
energy harvesters designed to scavenge energy 
from real vibrational sources. Such a design must 
take into account a wideband spectral content of 
an acceleration source centered in a frequency 
band not exceeding 100 Hz. The dimensional 
aspects as the geometry and the volume as well 
as the energy requirements are critical constraints 
and play important role in the design strategy. 
In the following paragraphs, we will describe the 
simulation, fabrication and characterization of 
piezoelectric energy harvesters for three different 
applications. 

1. Heart Beat Scavenging 
Current version of implantable cardioverter 
defibrillators (ICDs) and pacemakers consists of a 
battery-powered pulse generator connected onto 
the heart through electrical leads inserted through 
veins. However, it is known that the long-term 
lead failure may occur and can cause the device 
dysfunction. When required, the removal of failed 
leads is a complex procedure associated with a 
potential risk of mortality. As a consequence, main 
actors in the field of cardiac rhythm management 
(CRM) implants prepare miniaturized and 
autonomous leadless implants, which could be 
directly placed inside a human heart. 
The idea of a stand-alone cardiac implant is not 
new and several approaches for powering the 
device have been suggested. More recently, 
researchers from University of Michigan, Ann 
Arbor, USA presented simulation results of a 
piezoelectric energy harvester operating at 40 Hz 
that could, in theory, power a cardiac implant with 
heart-induced vibrations. Our industrial and 
academic partners have measured the heart 
acceleration signals by placing accelerometers 
inside several heart cavities of humans and 
animals. It appears that the heart vibration energy 

is localized at lower frequencies within a 
frequency band from 5 to 30 Hz. 
We have obtained significant results during the 
project ‘Heart Beat Scavenging” (HBS, FUI 2010-
13) that aimed at developing the technology of 
leadless pacemakers. The project gathered 
experiences from the industry (Sorin, EasiiIC, 
Cedrat, Tronics) together with the CEA-Léti and 
the TIMA laboratory. The TIMA laboratory was in 
charge of the design, fabrication and experimental 
characterization of a piezoelectric energy 
harvester prototype operating at very low 
frequency range (20 to 30 Hz). The device, in its 
final application, will be excited by the heartbeats 
and will make part of a new generation of 
pacemakers. The studied device is beam-like 
harvester made of two lead zirconate titanate 
(PZT) thick films assembled in bimorph 
configuration with dimensions chosen in a way to 
achieve the resonance in the required frequency 
range. At the same time, constraints applied on 
dimensions and generated power must be 
satisfied.  
Heart acceleration signals have been first 
measured experimentally by placing a 3D 
accelerometer on heart muscles of both animals 
and human patients. The spectral content of these 
signals was studied and the energy distribution of 
these quasi-periodic signals has been analysed. 
Given the volume of the leadless pacemaker, we 
have shown that the PZT layers must be 60 to 
65 µm thick in order to comply both with the 
energy source frequency and the pacemaker 
energy requirements. However, it appears that 
none of current fabrication processes can be used 
for manufacturing of such thick PZT films. Using 
processes derived from the microelectronic field 
such as sol-gel deposition or sputtering, the 
maximum achievable thickness is about 2-5 µm. 
In contrary, using co-firing techniques, the PZT 
plates can hardly be thinner than 100 µm. The 
manufacturing of above described piezoelectric 
scavenger corresponds to an actual process blind 
window. As a consequence, we work, in 
collaboration with the Vermon, s.a., on the 
implementation of fabrication processes of PZT 
thick films. We focus on the optimized grinding 
and polishing techniques of a bulk ceramic 
material. 
After the proof-of-concept of a scaled-up 
demonstrator of the scavenger operating at 75 Hz, 
a new device taking into account the geometrical 
constrains of the real heart ambient has been 
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fabricated and tested. The prototype (Figure 1) is 
composed of 2 piezoelectric layers, 60 µm thick, 
having opposite polarization directions. The layers 
are attached on a brass shim 12 µm thick. The 
form of the tungsten seismic mass has been 
optimized to allow the maximal displacement in 
the capsule. 
 

   
Figure 1: Photograph of the fabricated cantilever scavenger 

mounted in the test clamping element 

Finite elements simulations in ANSYS are used to 
predict the resonant frequency, the maximal 
stress level in the beam and the output power with 
an optimal load resistance under both a harmonic 
acceleration and a real signal sequence. Figure 2 
shows one of the simulation results representing 
the generated power as a function of the 
frequency and the resistive load. The 
characterization of the structure shows a good 
agreement with the simulation. 

 
Figure 2: Simulated response of the cantilever as a function of 

the frequency and the resistive load 

Recently, in the framework of the Laureat project 
in collaboration with Vermon s.a, Livanova and 
IEF, we have proposed an optimized structure in 
order to increase the reliability and the lifetime of 
these devices. These devices present shapes that 
can reduce the stress concentration located in the 
clamping part of the device. 

2. Micro Thermal Energy Harvester 
The aim of this project is to conceive a micro 
energy harvester able to convert a thermal spatial 
gradient into usable electrical energy. The 
transduction is performed in two steps: a first 
thermo-mechanical conversion transforms the 
thermal energy into a large mechanical 
displacement, followed by a second piezoelectric 
transduction that converts the mechanical 
displacements into electrical charges. In order to 
obtain large displacements, the initially curved-
down structure is made of two layers with 

materials having an important mismatch of 
thermal expansion coefficients. The thermal 
stresses induced by contacting a hot source are 
causing a buckling of the clamped-clamped 
bilayer beam. Once buckled upward, the device is 
cooled down by convection and buckles down to 
its initial position, to get again into a contact with 
the hot source. Measurements carried out on a 
first macro-prototype have shown promising 
results.  

 
Figure 3:  

SEM pictures of a rectangular structure and butterfly harvester, 
with in inset the cross-section of the bilayer bridges. The 

bottom Pt electrodes are indicated with dashed lines 

Micro-prototypes made of aluminium nitride (AlN) 
and aluminium (Al) have been fabricated using 
standard CMOS processes in a cleanroom (EPFL) 
(Figure 3). The devices were electrically 
characterized at TIMA. A test setup has been built 
in order to push mechanically the structure from 
the backside and to initiate the buckling in order to 
remove the thermal contribution of a final 
excitation method. An insulating glass tip is 
mounted on a multilayer stack of piezoelectric 
material that delivers a defined displacement at a 
precise frequency to the device. The displacement 
applied on the structure can then be increased 
progressively in a way to obtain initially only a 
linear electrical response and then, after reaching 
a threshold displacement, a peak response 
corresponding to the buckling is obtained. As the 
device is in an unstable position of its buckled 
state, it is coming back to its original position 
instantaneously. A power density of 48 nW.cm-2 is 
obtained for a 1400 x 700 µm2 structure 
composed of 0.5 µm thick AlN layer and 0.5 µm 
thick Al layer.  
Finally, the prototypes were tested with a thermal 
actuation. The wafer was placed on a hot plate, 
whose surface temperature was measured by a 
thermocouple. By conduction through the silicon 
wafer, the bilayers were heated up and the 
butterfly device buckled up at 63 °C. Then, the hot 
plate was switched off and the device buckled 
down at 53 °C. The energy furnished by this 
device during the buckling is estimated at 8 pJ per 
snap (Figure 4). 
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Figure 4:  

Output voltage during thermal buckling of a butterfly structure 
with non-symmetric stack 

The next step is to improve the setup by including 
a precise measurement of the temperature on the 
device and not on the hotplate surface, and also 
by implementing a faster thermal cycling allowing 
an estimation of the possible power that could be 
harvested by the structure in the final application. 

3. Design and performance optimization of a 
thermo-magnetically activated piezoelectric 
generator 

The goal of this research is to design a thermo-
magnetically activated piezoelectric generator 
able to convert small ambient temperature 
variations into electrical energy, which will be 
usable to power wireless sensors. 
Our energy generator can be divided in two main 
sections based on their functions: the energy 
transducer and the triggering system. The energy 
transducer is composed of a piezoelectric 
bimorph-type cantilever beam. The triggering 
system consists of two permanent magnets 
(NdFeB), which are attached to the free end of the 
beam, and a soft magnetic material (FeNi), fixed 
under the free end of the beam, forming an air 
gap. The generator has two operation states: the 
closed position and the open one. In the initial 
state (open position), at a cold environmental 
temperature, the soft magnetic material is 
magnetized so the cantilever beam is pulled-down 
due to magnetic force. Later, when the ambient 
temperature increases, the magnetic properties of 
the soft magnetic material become paramagnetic, 
causing the magnetic force to disappear. The 
beam is pulled back to its initial state because of 
the spring restoring force. This process of pulling-
down and pulling-back of the beam is periodically 
repeated as long as the energy harvester is 
placed in an environment with cycled variations of 
temperature. For visual representation of the 
energy generator and its performance, the reader 
is referred to Figure 5. 

	
Figure 5:  

Top left: photograph of the assembled harvester in the test 
clamping fixture; bottom left: schematic view of the generator 
showing the temperature time-variation as the energy source; 
top right: comparison of the generated voltage considering 1 

thermal cycle; bottom right: average power dissipated during 1 
thermal cycle as function of the load resistor 

Based on the approach presented in [4], we 
developed, using commercial package ANSYS, a 
coupled multiphysics finite element model (FEM) 
to analyse the generator behaviour. The validity of 
this FEM has been verified with experimental 
results suggesting a reliable estimate. Our 
proposed FEM promotes a better understanding 
of the parameters design of such a novel energy 
generator. Moreover, it offers an effective way to 
predict and to improve the generator performance. 
We started by investigating the temperature 
response of the system; afterwards, the 
temperature dependent magnetization is studied 
to finally examining the piezoelectric transduction 
and the output power.  
The maximum average power and average power 
density of proposed generator are 40µW and 
250µW/cm3, respectively. Currently, an equivalent 
model is used for running design optimization 
algorithms to miniaturize the generator. The next 
step is to validate optimized design using our FEM 
and to integrate an energy power management 
module. 
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1. Piezoresistif microsensors for an 
instrumented medical needle 

Because today a physician has no reliable tool to 
monitor a medical needle, when he inserted it into 
the human body, this work deals with an 
instrumented medical needle, which can be 
monitored in real time during its insertion. The final 
goal of this work is to fabricate a prototype to 
integrate it into a microlocalization tool. 
Current localization and navigation tools make the 
assumption of the non-deformability of the 
instrument used, often-unchecked assumption in 
current practice. Indeed, the interactions of the 
deformable instrument with human tissues (soft 
tissues, bones, hard obstacles, or others) is 
causing deformations of the instrument that may 
result in the failure of interventional medical 
procedure. 
In the practice of surgery, various imaging means 
are used to detect the deformation of the medical 
device inserted into the human body. 
Imaging methods give clinicians a clear and direct 
perception of the deformation of the medical 
instrument in the human body. However, 
application of these methods is hampered by some 
existing defects in the accuracy and compatibility. 
Faced with these difficulties, it appears necessary 
to enrich the virtual environments of navigation and 
representative of reality, giving them the ability to 
track the exact position of all the deformable 
instrument and distorted in order to specify, in real 
time, the relative positions of the instrument, its 
extremity and the target. 
So in our work, we propose to instrument a needle 
with microgauges. These microsensors allow to 
measure in real time, during its use, the strain of 
the needle. We can calculate from this strain the 
real shape of the needle and give it to the 
physician, in a previous medical image of the 
patient. 
A microfabrication of microsensors, directly on the 
body of the needle, has been carried out in a clean 
room. We have chosen microjauges operating on 
the principle of the piezoresistivity. This means that 
during the deformation of the needle, the 
microjauge on the surface will be deformed, that 
will cause the change of the value of its resistance 
[1]. The microgauge is connected to an 
instrumentation electronic card, which measures 
the variation of the voltage, allowing the calculation 

of the variation of the resistance of the 
microsensor. It allows also the calculation of the 
deformation and of the deformed shape of the 
needle. The active material of the microgauges is 
the germanium. 
Classically, the used substrates in clean room are 
silicon or glass wafer. So we must adapt the 
process to the unconventional geometry and 
material of the substrate (needle is circular and in 
stainless steel). 
The needle used for this fabrication are 10 
centimeters long and have a diameter of 0.6 
millimeters. It is in stainless steel (Fig. 1). 

 
Figure 1: Microgauge on steel needle 

We have experimented these microsensors after 
doing a bonding connection. The experimentations 
consist in making a controlled deflection to the tip 
of the needle, and to measure the variation of the 
resistance of the microsensor. The first results 
show eight straight trajectories (6 mm) of the tip of 
the needle (2 mm on each side from the non-
deformed position, to stay in elastic deformation). 
Several microgauges are already experimented in 
the same conditions, and the results are similar. So 
we can deduce that we have a good repeatability 
of the measures (Fig. 2). 
The different experimentations give an 
experimental Gauge Factor (GF) of about 20. The 
commercially microgauges have a GF about 2, so 
we obtain a better sensitivity. 

Microgauge	

Its	tracks	

The	other	
tracks	
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Figure 2: voltage ratio versus the displacement  

of the tip of the needle 

We have studied the connection of the 
microgauges. For that, we design needles with 
their connecting tracks and bonding pads, to export 
the connections at the proximal extremity of the 
needle as shown on Fig. 3. 

 
Figure 3: The geometry of the microgauges on a needle  

with their connections 

To connect the needle with a microlocalization 
system, we must design a microconnector, 
because no solution exist commercially. 
The most adequate solution is shown on Fig. 4. 
This solution allow the relatively easy positioning of 
the needle. Connections are done by 100 µm wire 
integrated in the parts of the microconnector. 
	

	
Figure 4: The geometry of the designed microconnector 

Our works cover the complete study of the 
instrumented medical needle. It began with the 
modeling of the needle and the microsensors, and 
a proof of concept on a macro model. After we have 
developed the microfabrication process of the 

microgauges on the needle, and the 
experimentations was satisfactory, so we have 
focused on the connections of the microgauges at 
the proximal extremity of the needle. We have then 
made needles with microjauges and their 
connecting tracks, and obtained the expected 
result. Finally, we have design a microconnector to 
be able to connect the needle with three 
microsensors. 
We have now to fabricate microgauges on three 
generatrix of the needle (Fig. 5). For this, we must 
repeat the same process three times, performing a 
rotation of the needle of 120° in its support between 
each process. The microconnector will allow us to 
connect the micro-gauges with the experimental 
test bench. We could then monitor the needle in 
three dimensions. In a longer term, we must 
integrate the prototype in a microlocalization 
system to test it. 

	
Figure 5: A needle with three microgauges at 120° 

2. Study of the swallowing and of the 
associated physiological signals 

Our long-term goal is to design an active artificial 
larynx. 
After a state of the art of the domain, we worked on 
the study of the structure (anatomy and the 
physiology) and the functions of the larynx. Then, 
we have studied in the literature the swallowing 
mechanism, to determine the physiological 
significant signals in the laryngeal region. 
It turns out that the swallowing signal seems 
reproductive. It is composed of two phases: oral 
phase and laryngeal phase. 
We have so developed a measuring bench of the 
signals by MMG (MechanoMyoGraphy). It is 
composed of microsensors (three axes 
accelerometers), a signal treatment unit with its 
software (PowerLab with LabChart) and a PC. 
  

Needle	

Mobile	part	

Fixed	part	

Connections	

Tracks	on	
the	needle	

100	µm	
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The first experimentations consist of the measure 
of the signal at different position of the microsensor 
in the laryngeal area. We can so determine the best 
position of the microsensor for the measurements. 
 

 

 

 

 

 

 

 

 

 

 

 
Figure 6: Different possible positions of the microsensor 

After, to determine the differentiation of the signals, 
we began to record the phenomena inducing 
signals such as swallowing, coughing, singing, 
voice and so on. It seems that the swallowing has 
a typical signature, which is different of the other 
phenomena. We tried to characterize the 
swallowing signal, and to determine the timing of 
the different phases on a volunteer. Then we 
studied the swallowing of food of different 
consistencies. We have shown that the timing is 
not the same, always on the same person.  
The next objective of our work is to record a series 
of exercises on different people. The exercises can 
be for example, several swallowing of saliva, water 
and a more consistent food (brioche or other cake 
for example). We could then study these signals to 
determine the repeatability for a same person, and 
the fidelity of signals from one person to others. 
This will also allow us to characterize the signals 
according to the age, the sex and the corpulence 
of a person. We can see if it is possible to identify 
the swallowing signal in the middle of other events 
such as mastication for example (for consistent 
food). 
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1. CMOS-MEMS for acoustics 
A successful design of an efficient source 
generating acoustic pressure in the air by means 
of vibrating diaphragm must maximize the product 
of the diaphragm area, its vibrational velocity and 
frequency. Such a condition limits the exploitation 
of MEMS-based devices as acoustic sources, in 
particular in low frequency range, to in-ear or 
similar applications generating low power signals 
in closed couplers. 
Various approaches to the acoustic generation in 
air with MEMS use magnetic or piezoelectric 
materials. Their principal disadvantage is the need 
to integrate a material that is not a part of a 
CMOS fabrication process. Another approach 
consists in digital sound reconstruction involving 
the summation of discrete acoustic pulses 
generated by individual acoustic transducers 
arranged in a matrix and operating in a binary 
way. Others presented such a digital speaker in a 
configuration using a capacitive principle. 
Recently, works showing the feasibility of MEMS 
using CMOS technology followed by surface 
micromachining without mask have been 
published. Unlike the older approach, where 
suspended MEMS components were obtained by 
silicon substrate etching, the proposed technology 
consists in etching oxide layers resulting from the 
CMOS process and thus releasing metallic layers 
of the same CMOS technology. Until now, various 
applications of this technology were reported and 
only few of them treat acoustic sources [1]. 
We show that the industrial 0.35µm CMOS 
technology can be considered also for sources of 
airborne acoustic signals. The ultimate goal is the 
monolithic integration of a device working both as 
a source and a sensor with electronics, thus 
facilitating signal routing, suppressing parasitic 
effects, and improving the signal-to-noise ratio. 
The acoustic source fabrication is based on AMS 
0.35µm CMOS back-end process consisting in the 
silicon dioxide sacrificial layer removal by 
hydrofluoric acid (Silox Vapox III) wet etching. The 
electrostatic transducer structure (Figure 1a) is 
composed of a squared perforated diaphragm 
(500 x 500 x 0,925 µm3) and a solid back plate, 
formed by CMOS metallic layers, separated by an 
air gap (2,64 µm). The holes size (5 µm) and 

position on the diaphragm have been chosen to 
allow a sacrificial layer etching and to avoid an 
excessive damping due to the air gap. The 
diaphragm is anchored, through vias.	
We have performed the finite element modeling of 
the acoustic source, followed by the fabrication 
process and by the device characterization. The 
preliminary measurement results report the 
acoustic pressure in the range of tens of mPa 
generated by the MEMS device at a distance of 
10 mm. 

 

a) 

 

b) 

Figure 1: 
a) Schematics of the CMOS-MEMS acoustic source 

structure 
b) SEM image of the device and detail of the etched 

metallic diaphragm 

2. Haptic Interface 
In this project, we work on the design of a new 
haptic interface that can bring the sense of touch 
to existing tactile screens. Existing technologies of 
these interfaces present drawbacks, as the 
disappointing fineness of the texture, the relatively 
large electrical consumption (more than 600 mW), 
the low system integration, or a bulky packaging. 
Our project proposes an integrated solution using 
thin film piezoelectric actuators creating a 
squeeze film effect on the surface. This device 
allows a fine texture rendering by changing the 
friction coefficient. 
Our team supports the fabrication of the actuators 
by the modeling and design. We have built a finite 
elements model, which takes into account 
materials of a screen with additional piezoelectric 
layers. We have also set up a characterization 
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bench using a velocimeter to measure the 
displacement amplitude of the mechanical 
vibrations. A retrofit of the measured devices has 
been made, showing a good agreement with the 
simulation results. 
The integration into mobile devices is the most 
important challenge of this project. To achieve a 
necessary reduction of the power consumption for 
the actuation, we have built an equivalent model 
of the vibration slab based on physical equations. 
Knowing parameters of the entire system, the 
vibration frequency can be adjusted in order to 
provide the highest electro-mechanical 
transduction. 
Thanks to piezoelectric transducers used in a 
sensor mode, the equivalent model is integrated 
into the sensor detection in order to reduce the 
time of frequency adaptation. 
A study on those sensors has been made. 
Figure 2 shows a glass slab with piezoelectric 
transducers made of thin AlN layer. A 
characterization of the best position providing the 
highest feedback signal has been carried-out [3]. 
A latency time of the entire feedback loop has 
been established and is compatible with the haptic 
rendering. 

	
Figure 2: 

110 × 65 mm2 glass slab with AlN transducers 

These work in process will be exploited by a new start-
up company (www.hap2u.net). 

3. Polymer-based piezo-electret structures 
Piezoelectric polymer materials are of a great 
interest for their potential integration to sensors 
and actuators in many applications. Among these 
applications are wearable devices, electroacoustic 
transducers, or energy harvesting of mechanical 
vibrations. Although piezoelectric polymers show 
lower piezoelectric constants than traditional 
piezoceramic or crystalline materials, their 
important advantage resides in a very low 
Young’s modulus. This property predestines 
piezoelectric polymers for wearable devices 
adapted for any shape and size surfaces. 
We have concentrated our effort on development 
of a novel micro-structured material made from 
PDMS referred as piezo-electret material. In a 
similar way as other piezoelectric materials, the 
piezo-electret PDMS can exhibit piezoelectric 
effect in both actuator and sensor mode due to its 
anisotropic structure. A micro-structured PDMS 
layer can be seen as a polymer matrix containing 
micro-cavities trapping air (Figure 3). The 

ionization of the air generates opposite charges 
that are implanted in the inner micro-cavities 
surfaces, each micro-cavity can be considered as 
a macro-dipole. The macroscopic dipole moment 
is determined by the quantity of the charges and 
the distance separating charges of opposite 
polarity. So, piezo-electret is sensitive to any 
external mechanical or electrical stress. In fact, if 
an external mechanical load is applied on piezo-
electret, the distance between opposite charges 
decreases and compensating charge distribution 
is generated in conductive electrodes. In the case 
of externally applied ac-voltage, piezo-electret 
vibrates periodically. Due to these piezoelectric 
like effect of piezo-electrets and their low Young’s 
modulus, they can be utilized as functional 
materials in electromechanical micro-sensors. 

	
Figure 3: 

Schematic illustration of the micro-structured PDMS material 
with top and bottom gold electrodes 

The electromechanical testing carried out on this 
kind of material shows an output power density of 
1 μW.mm-3 for a moderate dynamic pressure of 
120 Pa at 20Hz. 
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1. Context and objectives 
This work is done in the frame of LISA (FUI 
project) and an expertise contract with SWATCH. 
Its goal is to develop new methods for designing 
low-power circuits using asynchronous design 
techniques.  
LISA (ultra-Low power Integrated circuit for 
Secure RF Applications) addresses the market of 
contactless smart cards. Their form factor, power 
consumption and performances are important 
issues that need to be considered to allow their 
deployment on a massive scale. The goal of LISA 
is to reduce by an order of magnitude the power 
consumption of contactless smart cards: 1) by 
increasing the amount of energy recovered by the 
antenna, and 2) by reducing the integrated circuit 
(IC) power consumption.  
Reducing the IC power consumption is obtained 
by two means. Firstly, the IC is designed with 
ultra-low power libraries provided by Dolphin. 
Secondly, new low power architectures are 
explored for each intellectual property (IP) in the 
device. The role of TIMA in this project is to 
develop methods and tools for designing these 
IPs using asynchronous techniques. 
These works are also used in the frame of an 
expertise contract with Asulab (SWATCH) for 
designing an ultra-low power processor. 
2. A practical framework for the specification 

and design of self-timed circuits 
This work addresses the design of asynchronous 
micropipelines whose structure is depicted in 
Figure 1. In the following, we refer to them as self-
timed circuits. Their datapaths have the same 
structure than datapaths in synchronous circuits. 
However, they do not use a global 
synchronization signal (clock). The 
communications between registers are rather 
assured by distributed controllers which perform 
local synchronizations. 
Self-timed circuits are interesting alternatives to 
implement low power circuits but they are harder 
to design. The main goal of this work is to provide 
a practical environment for designing self-timed 
circuits, by developing methods for specifying the 
controller, verifying it, and implementing it.  

 

Figure 1: Generic architecture of a micropipeline 

In this work, formal verification of the control 
circuit functionality is based on high-level Petri net 
models. These newly proposed models have a 
compact representation for memoryless channels 
by only modeling the token boundaries. Contrarily 
to the state-of-the-art models, they also take into 
account choice structures in the controller (splits 
and merges). They are more compact than 
traditional models such as signal transition graphs 
(STG), and thus allow verifying large and complex 
circuits without combinatory explosion.  
To derive these models, we outlined general 
simplification mechanisms for Petri nets used to 
model asynchronous controllers. Their formal 
proof of correctness is based on the concept of bi-
similarity. Depending on the required level of 
granularity, different models can be extracted. A 
so-called channel-accurate model is obtained by 
accurately modeling the request paths and 
minimally modeling the acknowledgement paths. 
This model can be timed and serves for 
performance analysis (latency and cycle times). 
An initialization-independent model is obtained by 
applying all the simplification which are possible 
for all the circuit initialization. This model is 
practical for verification and refinement because it 
is compact, and it allows the designer to evaluate 
different circuit initializations.  
Along with these models, we describe a practical 
framework addressing all the design steps of self-
timed circuits, from the circuit specification to its 
physical implementation, using standard EDA 
tools. We show how TCL scripts can be used to: 
define relative constraints in the static timing 
analysis tools (for synthesis, placement and 
routing), to cut appropriate timing arcs in the 
control circuit, and to automatically insert delays 
that match critical paths in the datapath. 
3. Results: low-power AES cipher 
We applied these methods to design a 128-bit 
AES (Advanced Encryption Standard) cipher in a 
55 nm UMC technology. 
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The datapath is specified at register transfer level 
(RTL). A controller is derived from this datapath 
by a method of templates, i.e. by associating each 
circuit fragment to an appropriate control sub-
circuit. Those sub-circuit are assembled to obtain 
the controller. This controller is then verified for 
liveliness using an initialization-independent 
model, and the appropriate refinements are 
performed in the control circuit.  
Figure 2-a shows the datapath of the AES cipher. 
In this design, ADD combines the “Add key” 
operation and key scheduling. SUBSH combines 
the “Substitute bytes” and “Shift rows” operations. 
MIX does the “Mix columns” operation. Each 
module consists of an input combinational block 
and a bank of 256 registers except ADD which 
also has an output combinational block. The FSM 
controls the selection between the first nine 
rounds and the last round, it contains a 4-bit state 
register. 
 

	
Figure 2:  

(a) Datapath of a 128-bit AES cipher.  
(b) Associated initialization-independent model 

An initialization-independent model is used to 
verify the circuit for liveliness. Figure X-b shows 
the Petri net model for the associated controller 
after refinement. Dashed arcs represent 
acknowledgment paths. Arcs weights are used to 
model conditional branching in the control circuit. 
Those weights are associated with data 
sequences 𝑆" and 𝑆#, representing data flows of 
the selection signals. 
 

Design Power 
consumption 

(mW) 

Area (µm²) 

Sync. AES 9.90 43481 
Gated sync. AES 4.17 45655 

Async. AES 3.76 44273 
Table 1: Comparison of three AES implementations with 

equivalent performances at a nominal voltage of 1.2 V in UMC 
55 nm 

Table 1 shows a 62 % power consumption 
reduction in the asynchronous design with an area 
overhead of only 2 %. When applying fine grain 

clock gating to the synchronous design (at each 
stage), the power consumption is reduced by 
58 % but with an area overhead of 5 %. 
4. Conclusion 
This work provides practical methods for 
specifying, verifying, optimizing and physically 
implementing self-timed circuits. Specification is 
performed at RTL level while verification is based 
on a high-level Petri net model. We have 
demonstrated the method on an AES cipher and a 
FIR filter. Results for the AES show that the self-
timed circuit provided a natural approach for 
tracking data activity, with lower area overhead 
and better power consumption reduction than the 
clock gated circuit. 
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1. Context and objectives 
Low-voltage operation is an efficient and well-
known strategy to save power. Its drawback is the 
decrease of the circuit speed. The Fully Depleted 
Silicon on Insulator (FDSOI) technology allows 
mitigating this speed loss thanks to body biasing. 
In addition, Quasi Delay Insensitive (QDI) 
asynchronous circuits use communication 
protocols which indicate circuit activity. The 
activity detection is used to activate/deactivate the 
local block body biasing in order to save energy 
when blocks are unused. This study tends to 
define an ideal granularity for biasing delay-
insensitive asynchronous circuits in 28-nm FDSOI 
technology when operating in low-voltage mode. 

2. State of the art 
The innovation brought in this work lies in 
combining FDSOI features in terms of power 
management and asynchronous logic for 
detecting circuit activity. This is particularly 
promising because asynchronous circuits use 
handshaking protocols which include explicit 
signals that can be exploited for triggering and 
driving voltage and body bias controllers. A first 
work in this field has been reported in 2013 by 
CEA-LETI [1]. 
The main innovation carried out by TIMA and 
TIEMPO is to design efficient mechanisms able to 
bias asynchronous blocks with different voltages 
as fast as the data flow within the architecture. 
Activity detectors and boost cells, as part of the 
mentioned mechanisms, provide with latency a 
steady biasing voltage for asynchronous blocks. 
Hence, such mechanisms should deliver the body 
bias voltage with the lowest latency in order to 

better benefit from the FD-SOI technology when 
data are processed in the asynchronous blocks. In 
this context, delay insensitivity of QDI 
asynchronous circuits is a key feature to exploit, in 
order to avoid high timing margins that are time-
consuming and difficult to characterize. 

Asynchronous Circuits 
Synchronous circuits use a clock signal to 
synchronize and propagate data. Nowadays, 
99 % of integrated circuits use a synchronous 
strategy [4]. It has some advantages as 
commercial tools and trained experts. However, 
the use of a clock signal has also its drawbacks. 
First and foremost, the clock signal demands a 
significant amount of energy to be produced and 
distributed. Indeed, the synchronous clock tree 
generates noise and is able to interfere and 
disturb other circuit blocks such as analog parts. 
Instead of synchronizing with a clock signal, 
asynchronous circuits use handshake signals to 
manage data transmission [8][9][10]. In this case, 
the data flow is locally managed and, thanks to 
this intrinsic property, the circuit activity is easily 
detectable. Figure 1 shows a comparison between 
the synchronous circuit model (a) and its 
asynchronous counterpart (b). 
As it exists several classes of asynchronous 
circuits, there is a large number of possible 
implementations. The Quasi Delay Insensitive 
logic (QDI) is targeted here [4]. These QDI circuits 
accept a wide range of delays in their wires and 
gates and allow designing robust circuits using 
advanced technology nodes. 
	

	
Figure 1: Abstraction of (a) Synchronous and (b) Asynchronous logic blocks 
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Intrinsic Features of FDSOI technology 
Body biasing in FDSOI technology is one of the 
most exciting features of this new technology 
[2][5][7][11]. FDSOI differs from traditional bulk 
technologies by using a SOI wafer with thin 
monocrystalline Si layer on the top. First, it 
isolates the Source and Drain pins from the 
substrate. This isolation creates a leakage barrier 
between source-and-substrate and drain-and-
substrate as well as it offers new design options. 

3. Fine grain body bias with QDI circuits 
Low-voltage operation with biasing in FDSOI 
Low-voltage is an interesting way to reduce power 
consumption. Indeed, it is not a new idea and 
“Vitale et al.” showed the ability on an entire 
microprocessor in FDSOI technology operating at 
0.33 V [12]. Power consumption can be reduced 
by almost 3 orders of magnitude for a Muller Gate 
operating at its lowest operating voltage [4]. 
However, circuits become considerably slower at 
low-voltage. In this case, the body biasing can be 
applied to compensate the speed reduction or to 
alternatively save even more power. To allow the 
use of biasing, FDSOI technology typically 
includes a biasing source generator (BBgen) and 
a biasing tree with a special cell (BBmux), which 
activates different bias for different area. 
Nevertheless, this approach only targets a coarse 
granularity for the body biased area (Typically a 
processing unit such as processors, 
cryptoprocessors, etc.). 

Autonomous speed and power-control at low-
voltage 
A self-timed power-control has been to efficiently 
use the biasing resources. This technique allows 
to compensate the lost in circuit speed due to the 
low-voltage operation. However, it is required to 
implement a complementary control-circuit that 
activates the biasing source depending on the 
circuit demand. Moreover, small IPs require 
smaller biasing energy resource than the BBGEN 
and the BBMUX tree. As circuit activity can easily 
be detected thanks to QDI asynchronous 
handshaking signals, the body bias control can 
easily be take advantage of these signals. In 
addition, delay insensitivity allows using different 
body bias voltages. Our research works have 
investigated the optimal circuit granularity and 
also solved backend issues such as the required 
isolation between each block. 

Body bias control 
As already mentioned, FDSOI library provides 
solutions for controlling biasing voltages (BBMUX 
and BBGEN). However, it has been designed to 
supply large circuit areas. In this work, new IP 
blocks have been designed to bias small circuits 
in order to efficiently bias each block (only when 

needed), when the data are entering the blocks. 
For this purpose, activity detection and level 
shifter circuits detect when new data are entering 
the block and supplies biasing when needed. Two 
basic level shifter architectures were studied: the 
Conventional Level Shifter (CLS) and the 
Contention Mitigated Level Shifter proposed by 
Tran et al. [13]. 

 
Figure 2: Example of a level-shifter block  

that can be used for body biasing 

4. A specific FDSOI design flow for 
asynchronous circuits 

TIMA team is developing models and methods for 
the design of asynchronous systems on FD-SOI. 
This work aims to save power by associating 
biasing advantages of FDSOI with intrinsic 
properties of quasi-delay insensitive (QDI) 
asynchronous circuits. 
Two design flow approaches were specified 
targeting low-power devices for final applications 
such as the Internet of Things (IoT). 
Asynchronous circuits with minimal leakage 
consumption will be designed with Regular 
Threshold Voltage (RVT) transistors, Reverse 
Body Biasing (RBB) schemes, and low operation 
voltage. The other approach seeks asynchronous 
circuits with minimal dynamic power consumption 
by using Low Threshold Voltage (LVT) transistors, 
Forward Body Biasing (FBB) schemes, and low 
operation voltage. 
The FD-SOI 28-nm standard-cell design flow was 
developed with Synopsys, Cadence, Mentor and 
Tiempo (ACC) tools. 
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Figure 3: The FDSOI design flow for asynchronous circuits 

5. Conclusion 
The simulation results show a real interest in the 
technique and a testchip has been taped-out and 
fabricated. 

6. References 
[1] E. Vittoz and J. Fellrath, "CMOS analog integrated circuits 

based on weak inversion operations", Solid-State Circuits, 
IEEE Jornal of (1977) vol. 12, no. 3, pp 224-231. 

[2] I. Ben-Akkez, C. Fenouillet-Beranger, A. Cros, F. Balestra, 
G. Ghibaudo, "Impact of back biasing on the effective 
mobility in UTBB FDSOI CMOS technology", 
Semiconductor Conference Dresden-Grenoble (ISCDG), 
2013 International 2013, pp. 1–3. 

[3] S. A. Vitale at. All, "FDSOI Process Technology for 
Subthreshold-Operation Ultralow-Power Electronics", 
Proceedings of the IEEE (2010) Vol. 98, pp 333-342. 

[4] O. A. Rolloff, et al., "Exploiting reliable features of 
asynchronous circuits for designing low-voltage 
components in FD-SOI technology¨, Microelectronics 
Reliability (2015) Volume 55, Issues 9-10, pp 1302-1306. 

[5] P. Harikumar et. All, "An ultra-low-voltage OTA in 28 nm 
UTBB FDSOI CMOS using Forward body bias", Nordic 
Circuits and Systems Conference (CORCAS): NORCHIP 
& International Symposium on System-on-Chip (SoC), 
2015, Oslo, 2015, pp 1-4.  

[6] J. Mäkipää and O. Billoint, "FDSOI versus BULK CMOS at 
28 nm node which technology for ultra-low power design?" 
Circuits and Systems (ISCAS), 2013 IEEE International 
Symposium on, Beijing, 2013, pp. 554-557. 

[7] J. Hamon, E. Beigne, "Automatic leakage control for wide 
range performance QDI asynchronous circuits in FD-SOI 
technology", Asynchronous Circuits and Systems 
(ASYNC), 2013 IEEE 19th International Symposium on 
2013, pp. 142–149. 

[8] A.J. Martin, The limitations to delay-insensitivity in 
asynchronous circuits, Proceedings of the Sixth MIT 
Conference on Advanced Research in VLSI, 
AUSCRYPT'90, MIT Press, Cambridge, MA, USA 1990, 
pp. 263–278. 

[9] I.E. Sutherland, Micropipelines, Commun. ACM 32 (6) 
(1989) 720–738. 

[10] K. van Berkel, Beware the isochronic fork, Integr. VLSI J. 
13 (2) (1992) 103–128.  

[11] Q. Liu, et al., Impact of back bias on ultra-thin body and 
box (UTBB) devices, VLSI Technology (VLSIT), 2011 
Symposium on 2011, pp. 160–161. 

[12] S. Clerc et al., "Design and performance parameters of an 
ultra-low voltage, single supply 32bit processor 
implemented in 28nm FDSOI technology," Quality 
Electronic Design (ISQED), 2015 16th International 
Symposium on, Santa Clara, CA, 2015, pp. 366-370. 

[13] C.Q. Tran, H. Kawaguchi, T. Sakurai, "Low-power High-
speed Level Shifter Design for Block-level Dynamic 
Voltage Scaling Environment". IEEE International 
Conference on Integrated Circuit and Technology, 2005 

[14] R. Iga, T. Leite, O. Rolloff, R. Iga, R. Possamai-Bastos, 
L. Fesquet, “Fine Body Biasing Island Strategy in FD-SOI”, 
IP-SoC Conference, Grenoble, France, December 6-7, 
2017	



	

CDSI team - 40 

Cryptographic Key Generation in Hardware 
Keywords: TRNG, self-timed rings, stochastic models 
Members: A. Cherkaoui, L. Fesquet, G. Gimenez, R. Possamai-Bastos 
Cooperations: LaHC, Electronic Marin (SWATCH), Dolphin, Starchip 
Contracts: Expertise contract with SWATCH, LISA Project (FUI) 
 

1. Context and introduction 
This work has been initiated in the context of a 
“Région Rhône-Alpes” PhD [1] in collaboration 
with LaHC (UMR CNRS 5159). Its goal was to 
explore new TRNG architectures using 
asynchronous design methods. It has been 
pursued in 2016 in the frame of an expertise 
contract with Electronic Marin (SWATCH) and 
with the support of the LISA project. 
True Random Numbers Generators (TRNG) rely 
on physical random processes to generate 
random bit sequences. TRNGs used for 
cryptographic applications with high security 
requirements (such as key generation for 
symmetric encryption) not only need to be 
unpredictable, but they must also be not 
manipulable. Unpredictability is assessed using a 
stochastic model whereas the robustness to 
manipulation and active attacks can be 
guaranteed by monitoring the entropy source and 
the entropy extractor in order to detect abnormal 
behaviors of the generator. Online tests can be 
applied at startup or on demand to detect 
statistical defects in the output sequences. 

2. Self-timed ring based True Random 
Numbers Generator (STRNG) 

The STRNG leverages the jitter of events 
propagating in a Self-Timed Ring (STR) to 
generate provably random numbers at a high 
throughput. Its architecture and its principle have 
been proposed in [2]. [3] develops a stochastic 
model which allows to compute a lower bound of 
entropy per output bit as a function of design 
parameters (number of ring stages) and 
technological parameters (mean propagation 
delay per stage, jitter per stage). Figure 1 shows 
that this lower bound increases when we increase 
the number of STR stages in a given 
implementation. In [4], we showed how the design 
can be monitored to detect attacks and abnormal 
behaviors of the entropy source. 
This architecture has been validated in Altera 
(Cyclone III, IV and V) and Xilinx (Virtex 5, 
Spartan 6) FPGAs. Figure 2 shows the 
experimental bench we used for jitter 
characterization. Three circuits have been 
designed (two AMS 350 nm circuits and one ST 
28 nm circuit). The statistical quality of the output 
was evaluated using FIPS 140-1, NIST SP800-22 
and AIS31 statistical test suits. All those tests 
pass with throughput as high as 400 Mbit/s in the 

FPGA designs and 100 Mbit/s in the AMS 350 nm 
designs. 

 
Figure 1: Lower bound of entropy per output bit (Hm) as a 

function of the number of STR stages (L) for different ratios 
jitter standard deviation (sigma) on STR oscillation period (T) 

Presently, CDSI and Electronic Marin study new 
implementations of this TRNG using under-
threshold transistors. Our goal is to reduce the 
power consumption to the extent that the TRNG 
can be embedded in an ultra-low energy budget 
watch. At this point, we have embedded STRs in 
a first circuit (CMOS 180 nm) for measuring 
technological parameters in order to size the 
TRNG. A 180 nm CMOS (from EM) circuit 
embedding an ultra-low power STRNG has been 
tape-out and fabricated. The STRNG results 
demonstrate an outstanding energy efficacy 
(30pJ/bit at 0.5 Kbit/s) whereas the circuit has a 
low complexity (305 gates) [5]. 
CDSI and Dolphin also designed a set of STRNG 
that have been tape-out in a CMOS 55 nm 
technology from UMC. Moreover, they developed 
threat models and the appropriate 
countermeasures for STRNG [6]. 

 
Figure 2:  

(a) AMS 350 nm test-chips embedding STRs and STRNGs 
(b) Experimental test bench for jitter measurement using low 

voltage differential Signalling 
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3. Conclusion 
The main contributions of this work are a new 
TRNG architecture and its stochastic model. The 
most important feature of this architecture is its 
scalability: it can extract provably random 
numbers (i.e. with an assessment of entropy) no 
matter the jitter amplitude in a given technology. 
The associated stochastic model allows the 
designer to measure technological parameters 
and, using it, determine the number of required 
ring stages to achieve the desired security level. 
Ongoing works are now concentrating on reducing 
the design’s power consumption by using a library 
of cells with under- and near-threshold transistors. 
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1. Synopsis 
The development of modern computers is 
principally devoted to increasing performance and 
decreasing size and energy consumption, without 
any modification of the principles of computation. 
In particular, all the components must always 
perform deterministic and exact operations on 
sets of binary signals. These constraints impede 
further progress in terms of speed, miniaturization 
and power consumption. MicroBayes is 
investigating a radically different approach by 
using stochastic bit streams to perform 
calculation. Our goal is to show that stochastic 
architectures can outperform standard computer 
when solving complex inference problems such as 
source localization [6] and separation both in 
terms of execution speed and power 
consumption. 
The use of non-standard architectures for 
processing uncertain information is experiencing 
remarkable growth: see for example the 
Probabilistic Computing Project at MIT and the 
Darpa projects PPAML or UPSIDE. One 
European counterpart is the European project 
Bambi (Bottom-up Approaches to Machines 
dedicated to Bayesian Inference. The Bambi 
project revealed the enormous potential of 
stochastic computing when considered at the bit 
level. This potential is even reinforced by the 
progress made to massively generate random bits 
with dedicated hardware opening the way, at a 
very short term, to the design of stochastic 
computers. We will target three scientific and 
technical challenges: (a) The study of new 
algorithm for stochastic inference based on 
generating sets, (b) the design of non Von 
Neumann architectures dedicated to process 
stochastic bit streams [1] and (c) the evaluation of 
stochastic machines on difficult Bayesian 
inference problems related to sensor fusion and 
interpretation. 
This radical change to current computation 
models at the very deepest level of design may 
very well lead to low-power reactive systems 
connected to the environment through noisy 
sensors. 

2. A practical framework for demonstrating a 
stochastic processor 

Technically our goal is to demonstrate a working 
stochastic processor performing localization and 

source separation from noisy acoustic signals. A 
success will open new perspectives in sensor 
processing which will lead to the use of 
inexpensive and noisy sensors on equipment 
working with extremely low energy sources. 
Several compilers will be developed to target 
several stochastic processors and transform 
Bayesian programs into dedicated bit wise Gibbs 
sampler. 

 
Figure 1: The core architecture of a Bayesian Machine (BM) 

New designs will also be devised to build these 
machines that extensively exploit True Random 
Number Generators [2][3][4]. From a theoretical 
stand point, we will characterize the search 
strategies in high dimension space by studying 
several generating sets of [0,1]^n . In other words, 
we would like to identify the heuristics used to 
explore large search space and knowingly apply 
them to NP problems in a more abstract and 
possibly more efficient way. 

3. Transfer to the Industry 
A group of CNRS colleagues are now pushing an 
industrial transfer of this probabilistic approach. 
The Zaphod project aims at developing a 
rebooting computing group inside the company 
Probayes in order to develop hardware 
probabilistic computers. The project started during 
the last trimester of 2017 and planned to hire 
hardware designers from our team in January 
2018. Moreover, a common laboratory between 
CNRS and Probayes is expected in 2018. 
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4. Conclusion 
We are currently working on an industrial setup to 
exploit stochastic. Indeed, getting low-power 
signal processors dealing with noisy sensors is of 
major interest for the industry, the defense and 
aerospace industries since recent tests made on 
the BM1 by TIMA (RIS team) demonstrates the 
robustness of probabilistic processor to bit flips 
due to electromagnetic radiations. By providing 
new results and by developing the knowhow in 
this emerging field MicroBayes could greatly 
contribute to push forward this new scientific and 
industrial endeavor. 
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1. Context and objectives 
This work targets very ambitious objectives 
because we expect developing several design 
tools in a unique framework called ALPS. ALPS 
stands for Asynchronous Low-Power Synthesis 
but integrates different tools able to provide a 
wide range of asynchronous solutions to 
designers. 
On one hand, designers face today problems in 
implementing circuits while the specifications 
cover not only the design functionalities but also 
requirements such as power, security, EMC or 
safety. On the other hand, the asynchronous 
strategy based on synchronizing circuits thanks to 
local handshakes offers a wide range of solutions 
for targeting at design time the non-functional 
circuit requirements. All these solutions share the 
asynchronous and event-based approach but also 
models and theory. Therefore a complete 
framework has been setup in order to integrate 
several tools that could be connected together. 
Notice that these tools are complementary to 
those included in the commercial design flows. 

2. Smart non-uniform sampling schemes 
Reducing the power consumption in integrated 
systems has been the starting point. Indeed, the 
theoretical and practical researches, pushed in 
our team since 2000, has highlighted that the 
Nyquist-Shannon theory tends to capture useless 
samples [FES 16]. Therefore Level-crossing 
sampling schemes (LCSS) have been devised 
and an Asynchronous Analog-to-Digital Converter 
(A-ADC) has been designed, fabricated and 
tested. 

	
 

Figure-1: Non-uniform sampling scheme and the A-ADC  

Based on this sampling scheme, a mathematical 
theory is under development with the LJK 
Laboratory (specialized in applied mathematics). 
Our sampling techniques produce fewer samples 
than with the traditional Nyquist-Shannon 
techniques but the samples are not anymore 
captured thanks to a sampling clock! The 
consequence of these non-uniform sampling 
schemes is the non-regular arrival of the data. 
Nevertheless, this is absolutely not an issue if 
considering event-driven (asynchronous) circuits. 
Indeed, thanks to this parsimonious sampling, 
fewer data are produced. The data arrival 
produces an event that activates our 
asynchronous circuits. The rest of the time, the 
asynchronous circuits remain idle, waiting for the 
next data (or event). 

3. Definition of the ALPS framework 
The ALPS framework targets the automated 
synthesis of integrated systems based on a LCSS 
analog-to-digital conversion and an event-driven 
circuit able to process the data captured by the A-
ADC [SIM 16-2][SIM 16-3]. The framework offers 
the opportunity to evaluate the sampling scheme 
and the appropriate processing [BEY 16][SIM 
17][SIM 16-1] thanks to the SPASS library written 
in Matlab (and partially ported in Python). Once 
the sampling scheme and the associate signal 
processing are fixed, the tools ALPS-HLS and 
ALPS-ADCGen respectively generate a netlist of 
the processing unit and another one for the A-
ADC. 
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Figure-2: The ALPS framework 

 

As the designs are specified at an algorithmic 
level, an automated High-Level Synthesis (HLS) 
has been targeted. This is done with AUGH, an 
open software tool developed by the SLS group of 
the TIMA Laboratory, which has been adapted to 
our specific design flow. 
In order to validate our framework, a FIR filter 
processing an ECG signal has been implemented 
and compared to its synchronous counterpart. 
The results obtained with ALPS show a circuit 
12 % smaller and an energy consumption reduced 
by 28 compared to the synchronous FIR filter. 

4. Shaping the EM by design 
Electromagnetic Compatibility (EMC) 
specifications have always been a hard task for 
integrated circuit designers. Indeed, the unwanted 
generation, propagation and reception of 
electromagnetic energy in integrated circuits may 
cause unwanted effects such as electromagnetic 
interference (EMI) or, even worst, physical 
damage. Therefore EMC defines the rules and 
specifications that ensure correct operations of 
electronic equipment. This work only targets the 
mitigation of the EM field emitted by a circuit 
aggressor and tends to respond for the first time 
to this issue by a design strategy, which could 
easily be automated. With such an approach, 
fitting within a spectral mask should become a 
specific step in the integrated circuit design flow. 
This task can be ensured by a specific tool ALPS-
EMShaper. In order to apply such a strategy, 
event-based asynchronous circuits have to be 
targeted. For this purpose micropipeline circuits 
have been chosen because they offer the required 
event-driven behavior and an easy 

implementation. Notice that this design strategy 
can be extended to any kind of asynchronous 
circuits. Once the event-driven circuit is designed, 
the designer has to determine the switching 
instants of the logic thanks to specific delays 
accordingly chosen with the specified spectral 
mask [GER 17]. This is done thanks to a genetic 
algorithm, which computes the delays. We obtain 
a significant reduction of the electromagnetic 
spectral peaks with this strategy in comparison to 
the synchronous spectrum of an equivalent 
clocked circuit. To enhance the spectrum quality 
and ease the result convergence, the architecture 
can be modified to add delays. The range and the 
step of the delays are two important parameters 
that can be tuned to more easily fit the spectral 
mask. In order to validate the approach, a test 
chip in 40 nm from ST Microelectronics has been 
designed. It embeds programmable delays in 
order to validate different hypothesis made when 
constructing the method.  
An example is given Figure 3. The blue curve 
represents the mask used in the genetic algorithm 
to evaluate individuals. The red curve is the 
results of the Matlab GA for a micropipeline of a 
hundred of delays, the spectrum fits with the 
mask. The green curve represents the frequency 
spectrum for the synchronous version of the 
design with a 10 ns periodic clock. 
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Figure-3: The spectrum respects the EM mask  

when applying ALPS-EMShaper algorithm 

5. Arithmetical generator for low-power 
This work addresses the design of specific 
asynchronous arithmetical units that can be used 
for adapting their resolution on events. The goal is 
here to minimize the circuit activity and thus the 
power consumption [SKA 17]. This should be also 
integrated in ALPS. 

6. Testing asynchronous logic 
In order to fit the industrial needs, a specific 
strategy for testing event-driven circuits is under 
investigation. This started end of 2017 and will 
also be added to our ALPS framework. 

7. Conclusion 
ALPS is a framework for helping designers in the 
industry to adopt the asynchronous techniques. 
Indeed, asynchronous logic offers lot of solutions 
in terms of low-power, EM Shaping that can be 
experimented in our framework. ALPS already 
offers facilities for A-ADC generation, 
Asynchronous HLS, EM shaping for respecting 
EMC. Arithmetic and test are now under 
investigation because this is a requirement for 
pushing the technology to our industrial partners. 
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Environmental variations push up huge 
challenges to the design of integrated systems. 
Perturbation events arisen from environmental or 
intentional sources are today able to produce 
transient faults in circuits by temporarily modifying 
node voltages, provoking soft errors in stored 
results from system operations. Examples of 
environment events are alpha particles released 
by radioactive impurities and more importantly 
neutrons from cosmic rays. On the other hand, 
intentional perturbation events are usually 
produced by optical sources such as flashlights or 
laser beams, which can maliciously induce 
transient effects on secure circuits to retrieve their 
secret information. Such circuit misbehaviors from 
fault-based attacks provide fundamental 
information for cryptanalysis methods that are 
able to break security applications. 
Furthermore, in the last decades, another security 
issue requiring testing solutions has been 
discussed: the hardware Trojans. In fact, in the 
increasing process of globalization, electronics 
companies rely on outsourcing the different 
design steps of their IC projects in order to 
minimize fabrication time and costs, and thus 
enhancing competitiveness. Hence, designs 
become vulnerable to malicious alterations during 
any phase of the IC production. Such 
modifications are called Hardware Trojan (HT). In 
the last 15 years, the security community has 
focused their attention on strategies to make IC 
production less vulnerable to Trojan insertion. For 
instance, security agencies of some countries 
have defined a few trustworthy companies for 
their mission-critical (military, high tech, medical) 
IC design flow. On the other hand, for other 
commercial applications, having the whole IC 
design flow trustworthy may be too costly. 
Therefore, researchers all over the world are 
working on developing methods to identify HT 
insertion in original design. 
Related research works in TIMA’s CDSI group are 
divided into three subjects: on-line testing 
techniques for detecting malicious transient faults 
(e.g., bulk built-in current sensors and transition 
detection techniques); modeling and simulation of 
transient-fault effects on integrated circuits; and 
testing techniques for detecting hardware Trojans 
in integrated circuits. 

1. On-line testing techniques for detecting 
malicious transient faults 

Among the several design strategies for detection 
of transient faults caused by radiation or optical 
sources, Bulk Built-In Current Sensors (BBICS) 
offer a promising solution that is perfectly suitable 

for system design flows based on CMOS standard 
cells of commercial libraries. BBICS combine the 
high detection efficiency of costly fault-tolerance 
schemes (e.g. duplication with comparison) with 
the low area and power overheads of less efficient 
mitigation techniques such as time redundancy 
approaches. Several architectures of BBICS were 
recently proposed by our group to monitor 
transient faults induced on integrated circuits by 
radiation or malicious sources. The proposed 
sensors detect anomalous transient currents 
flowing between any reverse biased drain junction 
and the bulk of circuits perturbed by events. 
BBICS indeed takes advantage of the fact that 
such currents are negligible in fault-free scenarios 
but are much higher than leakage currents flowing 
through biased junctions during faulty scenarios. 
A test chip in technology FD-SOI 28 nm has been 
designed with a new dynamic BBICS architecture 
(Figure 1a). 

2. Modeling and simulation of transient-fault 
effects on integrated circuits 

Several on-line testing techniques for detecting 
transient faults have been proposed with the 
intent to design reliable computing systems. 
These techniques mainly differ in their detection 
capabilities and in the constraints they impose on 
the system design. Although these techniques 
have been cleverly devised in the last years, 
confident simulations, practical measures, and 
evaluations of the real detection efficiency of them 
against transient faults are still not known in the 
state-of-the-art. Thus, today it is very hard to 
identify what is the most efficient technique to 
protect integrated systems. Hence, the design, 
simulation, and fabrication of integrated-circuit 
prototypes embedded with the most recent 
transient-fault detection techniques are essential. 
Following, prototypes need be tested with, for 
instance, laser and radiation facilities able to 
provide data for evaluating and ranking the real 
detection efficiencies of the techniques. The 
correlation between simulation and practical 
results gives important information for the 
invention of more efficient transient-fault detection 
techniques and modeling for fault-injection 
simulation methods. 
The cooperation between TIMA, CMP-GC 
(Gardanne), and LIRMM (Montpellier) allows the 
use of a laser source to evaluate the different 
detection techniques highlighted in previous 
section. A method for evaluation of transient-fault 
detection techniques has been proposed (Figure 
1a), and another takes into account IR drop 
effects on the modeling of the transient faults 
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induced by laser sources. 

3. Testing techniques for detecting hardware 
Trojans in integrated circuits 

In order to reduce HT vulnerability of IC design 
flows, several methods were developed to prevent 
HT insertion or detect it by checking anomalous 
conditions and malfunctions. The research in 
TIMA’s CDSI group aims to detect Trojan insertion 
on fabrication phase. By considering that 
designers have access to the whole design before 
sending it to fabrication, it is possible to obtain a 
set of information about the optical design, 
functional behavior, and expected side-channel 
signals. Therefore, it is possible to compare the 
expected set of information with the one 
generated by the device under test. TIMA’s CDSI 
group has proposed a new efficient BBICS-based 
technique for detecting HT (Figure 1b), it was the 
first one to exploit the impedance of the bulk as a 
side channel. 

 
(a) 

 
(b) 

Figure 1: (a) Figure of proposed simulation-based method for 
raking transient-fault detection techniques 
(b) results of new HT-detection technique 
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1. Low-power event-based image sensors 
Due to the improved CMOS processes, the 
charge coupled devices (CCD) are largely 
supplanted by the CMOS image sensors. 
Moreover, plenty of studies have been done to 
improve the CMOS image sensor performances, 
in term of image quality but also power 
consumption. Indeed, the power has become a 
leitmotiv for all the embedded applications 
including the systems with an embedded camera 
such as smartphones, sport cams, etc. Although, 
the power efficiency of the CMOS image sensors 
has been enhanced during the last two decades, 
the standard reading architecture of image 
sensors still requires an analog to digital converter 
(ADC), which is currently the most consuming 
part. Therefore, many studies has been provided 
in order to reduce the impact of the analog-to-
digital converter like using a low power ADCs or a 
common ADC for the entire sensor[1], [2], [3]. 
Furthermore the classical reading method of the 
image sensor consists in reading the entire image 
for each frame. Consequently, this method limits 
the reading speed especially for high resolution 
sensor. Besides, every frame reading induces the 
reading of temporal and spatial redundant 
information. Hence, the data flow reduction is 
probably one of the most important approaches 
for reducing power in CMOS image sensors. This 
induces studies like [4]. Therefore the 
asynchronous image sensor approach is one of 
the most promising alternatives [5], [6]. Even 
though, several asynchronous architectures have 
been already studied, the digital part still suffers 
from difficulties regarding the pixel management 
and the timing assumptions. Indeed, most of the 
proposed architectures are conventional 
synchronous designs and maintain the need of an 
analog to digital converter and, for the event-
based image sensors, an arbiter is required in 
order to manage the reading requests and the 
communications between the pixels and the 
reading system. In order to overcome these two 
problems, a fully asynchronous event-driven 
image sensor, which does not need arbiters, has 
been designed.  

 
Figure 1: The asynchronous readout architecture 

The proposed sensor performs spatial 
redundancies suppression and thus a data flow 
reduction in still image and video streaming by 
only reading pixels with relevant information. In 
addition, we removed the analog-to-digital 
converter, and used instead a voltage to time 
conversion to encode the pixel information. An 
asynchronous reading system architecture has 
been devised. Afterwards, an RTL model of the 
architecture has been simulated using real 
pictures as testbenches. 
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Figure 2: The testbench used to validate the readout system 
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2. Pixels and Time-to-First-Spike (TFS) 
encoding 

The time-to-first-spike (TFS) concept is bio-
inspired and relies on letting the pixel decide 
whenever information is relevant or not. Once 
significant information, the latter is sent and later 
on processed by the reading system. This 
technique is implemented in the pixel by 
introducing a 1-level crossing sampling scheme 
that also acts as an adaption voltage to the light 
conditions [7]. Therefore, using this technique 
allows us to transform the classical analog pixel to 
an event detector. The event-driven pixel is able 
to fit the asynchronous and event-driven 
functioning of the reading system. 
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Figure 3: Functional diagram of two event-driven pixels under 
two different luminosities. Vref is the reference voltage used to 
implement the TFS technique; Vph is the voltage across the 
pixel photodiode; Tint is the integration time; RRTFS is reading 
request generated by the pixel once relevant information is 
detected (Vph crosses Vref) 

The event-driven pixel has the same functioning 
phases of the classical pixel. Firstly, the reset 
phase which sets all the pixels to the same initial 
voltage. Secondly, the integration phase, where 
the pixel photogenerated current integrates the 
reset voltage. Finally, the pixel information is 
extracted by the reading system. The behavior of 
the pixels and the reading system depends on the 
nature of the image sensor. On one hand, for a 
classical image sensor, the duration of the 
integration phase is predefined and set for all the 
pixels. The duration of this phase is also known as 
the integration time. By the end of this phase, the 
last phase is triggered by the reading system that 
accesses every pixel in order to extract its 
information represented by a voltage value across 
the pixel photodiode. This voltage is later on 
digitized through an analog to digital converter. 
On the other hand, for an event-driven image 
sensor, the pixel determines the duration of its 
integration phase based on its photogenerated 
current and thus the amount of incident light. In 
other words, every pixel has its own integration 
time. Furthermore, for an event-driven pixel, the 
pixel information is not expressed by a voltage 
value but rather a time value that represents the 

integration time of the pixel. Therefore, the analog 
to digital converter (ADC) is replaced by a time to 
digital converter (TDC). In this case, replacing 
the ADC, which is the most consuming device 
in the image sensor architecture, reduces the 
power consumption of the system. It is important 
to note that the beginning and the end of the 
integration phase is controlled by the pixel itself 
thanks to its event detection technique. 
Subsequently, once an event is detected, the pixel 
starts to send a request towards the reading 
system. 

3. Conclusion 
The results obtained with this architecture are 
really convincing because we got a pretty good 
image quality. This has been evaluated with the 
PSNR and the MSSIM of different images. 
 
	
	
	
	
	
	

(a) (b) (c) (d) 

Figure 4: Picture samples 

	
Picture sample	 8a	 8b	 8c	 8d	

M-SSIM	 0:945	 0:878	 0:957	 0:887	
PSNR	 27:31 dB	 25:04 dB	 27:37 dB	 24:21 dB	

% of the	
original data flow	 0:0887%	 0:059%	 0:11%	 0:038%	

Error (%)	 3:76%	 5:94%	 9:23%	 6:59%	

Table 1: Final simulation results 

Moreover, the number iteration to read the entire 
image is directly related to the number of gray 
levels and not to the number of pixels. This gives 
a serious advantage to quickly catch an image. 
The low-number of iterations to read the image 
drastically contributes to reduce the power 
consumption too. Finally, the image processing 
can also take advantage of such a sampling as it 
has been shown for the image segmentation [8]. 
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1. Goal 
With every new generation of semiconductor 
device manufacturing process, further 
miniaturization is realized and more complex 
designs enabled. Ultimate-CMOS and post-CMOS 
technologies promise integrating trillions devices 
in a single die, leading to single-chip massively 
parallel architectures comprising thousands 
interconnected processors. While this is meant to 
increase functionality and performance of the 
target electronic product, but it makes the new 
chips more susceptible to defectivity, and result in 
fabrication yield, life-span, and reliability 
challenges. It has adverse impacts on: 
§ Timing skews 
§ Process, voltage, and temperature (PVT) 

variations 
§ Circuit aging caused by hot carrier injection 

(HCI), negative-bias thermal instability (NBTI) 
§ Sensitivity to electro-magnetic interferences 

(EMI) causing cross-talk and ground bounce 
§ Sensitivity to radiation causing single-event 

effects (SEUs, SETs) 
§ Power dissipation and thermal constraints 
These issues are becoming the main 
showstoppers in the path leading to these 
technologies. 
The resulting high defect levels, heterogeneous 
behavior of identical circuit nodes, circuit 
degradation over time, and integrated circuits 
complexity, affect adversely fabrication yield and 
reliability. 
Cells projet addresses the several issues related 
to ultimate CMOS and post CMOS massively 
parallel tera-device processors, such us: 
§ After fabrication, all processing and routing 

nodes may be affected by some temporary 
faults such as delay faults, or clock skews 

§ Fabrication faults altering persistently the 
circuit behavior may affect one or more regular 
blocks (RAMs, FIFOs, buses) in a large 
fraction of nodes. Such faults may also 
frequently occur during product life 

§ Fabrication faults altering persistently the 
behavior of irregular blocks (thus difficult to 
repair) may affect a significant portion of 
nodes. Such faults may also frequently occur 
during circuit life (e.g. every few days), and 
thus during application execution 

§ New timing faults induced by circuit aging, as 
well as soft errors (SEUs and transients) may 
frequently occur during circuit life (and thus 
during application execution) 

§ Circuit degradation is continuous and requires 
continuous self-regulation of circuit parameters 
(clock-frequency, voltage levels, body bias), to 
maintain operational each processor node 
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Ultimate-CMOS and post-CMOS technologies 
promise integrating trillions devices in a single die, 
leading to single-chip massively parallel 
architectures comprising thousands 
interconnected processors, and enabling the next 
computation turn. But the aggressive technology 
scaling that paves the way to the ultimate CMOS 
nodes has dramatic impact to: process, voltage 
and temperature (PVT) variations; sensitivity to 
electromagnetic interferences (EMI), to 
atmospheric radiation (neutrons and protons) and 
to alpha particles; and circuit aging. It also 
imposes stringent power dissipation constraints. 
The resulting high defect levels, heterogeneous 
behavior of identical circuits, accelerated circuit 
degradation over time, and extreme complexity, 
affect adversely fabrication yield and/or prevent 
fabricating reliable chips in ultimate CMOS and 
post-CMOS technologies. These issues are 
becoming the main show-stoppers in the path 
leading to these technologies. 
The Cells framework addresses the severe issues 
related to the design of massively parallel tera-
device processors affected by high defect 
densities, in which we severe issues have to be 
addressed such us: 
§ After fabrication, all processing and routing 

nodes may be affected by some temporary 
faults such as delay faults, or clock skews 

§ Fabrication faults altering persistently the 
circuit behavior may massively affect one or 
more regular blocks (RAMs, FIFOs, buses) in a 
large fraction of nodes. Such faults may also 
very frequently occur during product life 

§ Fabrication faults altering persistently the 
behavior of irregular blocks (thus difficult to 
repair) may affect a significant portion of 
nodes. Such faults may also frequently occur 
during circuit life (e.g. every few days), and 
thus during application execution 

§ New timing faults induced by circuit aging, as 
well as soft errors (SEUs and transients) may 
frequently occur during circuit life (and thus 
during application execution) 

§ Circuit degradation is continuous and requires 
continuous self-regulation of circuit parameters 
(clock-frequency, voltage levels, body bias), to 
maintain operational each processor node 

Clearly, no existing solution can cope with such 
massively defective systems, which invalidate 
even massive redundancy schemes (e.g. 
duplication, TMR), as all replicated parts may be 
defective. Such schemes also induce high area 
and power penalties. Some approaches targeting 
the design of reliable single-chip massively 
parallel processors avoids massive redundancy 
by using self-tests (hardware implemented or 
software implemented to detect failures and 
create routing tables that are used subsequently 
to avoid failed processing nodes or failed routes. 
However, such approaches could not cope with 

the issues affecting ultimate CMOS and post 
CMOS technologies as: 
§ In highly defective technologies, the vast 

majority of nodes (processing elements and 
routers) may include one or another kind of 
faults (e.g. timing faults produced by process, 
voltage and temperature variations, EMI, or 
aging). Thus, declaring defective the nodes 
affected by any kind of faults will quickly waste 
the computational resources of the chip 

§ Achieving high fault coverage for timing faults 
is very difficult. Thus, many of these faults may 
escape fabrication test and also periodic self-
tests and produce run-time errors 

§ Faults occurring during application execution 
can not be covered by self-tests 

In this project we develop a comprehensive 
approach enabling using in efficient and reliable 
manner all parts able to perform useful 
computations. 
The Cells framework (On-Chip Self-healing Tera-
Device Processors) [1-2] comprises several 
techniques spanning at all levels of the system: 
circuit, processor/architectural, array/routing, task-
scheduling/allocation. Innovations are introduced 
at all levels of this framework, including its overall 
architecture, its particular components, and the 
way the cooperation of these components is 
architected to optimize the outcome. 
Developments concerning some of these 
components are presented in the next sections.  
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1. Context and goals 
In massively parallel processor chips, a possible 
(and rather straightforward) approach may consist 
in exploiting the existence of large numbers of 
processing cores to implement fault tolerance, by 
using two processor cores to duplicated the 
execution of each task and comparing their 
outcome to detect errors (double modular 
redundancy-DMR), or by using three processor 
cores to triplicate the execution of each task and 
voting their outcome to correct errors (triple 
modular redundancy-TMR). These approaches 
have two major flaws: drastic decrease of 
processing power, and drastic increase of energy 
dissipation per task. Similarly, software 
implemented fault-tolerance drastically impacts 
performance and power, as it replicates the 
execution of each task. Hence, a breakthrough in 
fault-tolerant design is required for reducing 
drastically performance and energy dissipation 
penalties, and improving reliability. Such a 
breakthrough was achieved by a scheme (referred 
hereafter as double-sampling [1][2]). This scheme 
reduces drastically hardware and power costs, by 
avoiding both hardware replication and operations 
replication. Instead, to check the correctness of an 
output signal of a logic block; this scheme 
observes this signal at two different instants, by 
adding a redundant latch and driving it by means 
of a delayed clock signal (Figure 1). 

 
Figure 1: Double Sampling 

While the double-sampling scheme reduces 
drastically the area and power cost with respect to 
traditional fault-tolerant schemes, some area and 
power penalties are still introduced due to the 
redundant latches. Furthermore, it suffers from 
two drawbacks: 
§ To avoid false alarms and miss-corrections, 

the path delays of the combinational circuits 
signals checked by the schemes in figure 1, 
must exceed the delay δ of the delayed clock. 
To ensure this constraint, buffers should be 

needed in the paths with delays shorter than δ, 
inducing no negligible area and power cost. 

§ Also, due to this issue, to avoid significant area 
and power penalties, we have to use moderate 
values for δ, limiting the duration of detectable 
faults. 

We had developed highly efficient double-
sampling architectures able to detect all errors 
induced by failure mechanisms affecting 
advanced technologies, as well as soft-errors 
induced by radiation in space applications but also 
in ground-level applications. Then, in the RESIST 
project, we implemented two robust processors by 
using two of these advanced double-sampling 
architectures. 
In the first robust processor implementation we 
used the advanced double-sampling architecture 
based on GRAAL [3]. The scheme consist in 
transforming a flip-flop-based design, into its 
equivalent latch-based design, by moving the 
slave latches of the FFs to the middle of the 
combinational circuits, we obtain a design that can 
work at the same clock frequency as the original 
one. In addition, the master and slave latches 
operate at different phases. Then, the outputs of 
any combinational block (inputs of latches), are 
stable during the period in which its adjacent 
blocks are in computation. Thus, we can compare 
the outputs of the latches against their inputs to 
detect timing and transient faults of large duration, 
according to the GRAAL architecture that we have 
introduced few years ago. This scheme also 
detects SEUs as well as all kinds of latch faults 
(transition faults, retention faults). The outcome of 
this implementation on the icyflex processor from 
CSEM [4][5], in ST Microelectronics 40nm 
technology was a very high robustness that 
achieves detection of temporary faults of very 
large duration (up to 100 % of the maximum 
circuit delays); at very low area and power costs 
(less than 4 %). Thus, they can mitigate all yield, 
reliability, and life span issues affecting the 
advanced nanometric technologies, and can also 
be exploited for aggressively reducing the power 
dissipation, by aggressively reducing the supply 
voltage and using the fault mitigation capabilities 
of these architectures to cope with the delay faults 
induced by this voltage reduction. 
In the second robust processor implementation, 
we succeeded to also cover all Single-Event 
Upsets (SEUs) and all Single-Event Transients 
(SETs) by employing the advanced double-
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sampling architecture based on the one display in 
Fig.1. The main difference is that in this case d < 
0, that is the redundant FF samples the signal 
before the main one [3]. Therefore, the parameter 
d does not constrain anymore the minimum delay 
of the data paths of the circuit, which mean that it 
can be regulate to detect SETs as long as 
required, providing this way a robust architecture 
that can be used in space applications. This 
solution was implemented and evaluated on the 
Gaisler LEON3 processor [6] with the 28 FDSOI 
design kit of ST Microelectronics. The error 
detection scheme was implemented along with 
instruction replay to obtain a hardened integer unit 
version for the LEON3. The implementation of the 
double sampling + instruction replay increases the 
area by +140 %, which is 20 % lower than TMR. 
The respective contributions of the overhead are: 
9 % for instruction replay; 53 % for the double 
sampling itself; 38 % for the timing constraints that 
ensure 100 % of SBU detection. However, as the 
design tools are not adapted to constraint the 
internal data-paths with a minimum delay, the 
results obtained can still be improved. 
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1. Context and goals 
Network-on-Chip (NoC) architectures have 
emerged as a scalable solution to the bus-based 
interconnects challenges for future multi-core 
system-on-chip designs. Nevertheless, the 
conventional planar integration of integrated 
circuits has limited floor-planning choices with 
increasing number of processing elements 
attached, limiting the potential performance of 2D-
NoC architectures. In order to extend 2D-NoC 
capabilities, multiple layers of active devices can 
be integrated in a three-dimensional NoC (3D-
NoC) allowing to reduce interconnect lengths and 
thus, improving the overall NoC performance. 
As the feature sizes of integrated circuits decrease 
aggressively, combinational logic becomes more 
susceptible to transient faults. Specifically, soft-
errors provoked by the impact of energetic 
particles (heavy ions, protons, neutrons,…) or by 
cross-talk noise, were generally masked and thus 
disregarded in older technology. However, as 
operating voltages become lower and clocking 
frequency increases, the design of integrated 
circuits with technology node below 0.25um 
requires of particular attention to soft-error effects. 
Indeed, NoC routers are not the exception since 
they have a huge number of combinational logic 
elements. In fact, the probability of the occurrence 
of a soft-error is higher in 3D-NoC routers which 
are more complex than 2D-NoC routers because 
of the increasing number of connecting ports. 
Therefore, the study of 3D-NoC routers reliability 
towards soft-errors becomes mandatory for future 
large-scale integration of dependable system-on-
chips. 
One of the most critical sections in the NoC's 
control path is the Route Computation Unit (RCU), 
as it is the one responsible for selecting the next 
output port (i.e. direction) that a packet must take 
at every hop. If the RCU fails, packets may be 
forwarded to wrong outbound ports (i.e., 
misrouting) eventually leading to deadlocks (cyclic 
dependencies between packets) or packet loss. 
In this project, some techniques and methods are 
proposed to enhance the reliability of 3D-NoCs by 
detecting and correcting errors provoked by 
transient faults in the RCU. The primary 
characteristic of our method is the ability to reliably 
and quickly detect misrouting based on a 
combination of a fault tolerance technique called 
double-sampling, and a complementary illegal turn 
detection method based on existing signals. These 
two methods are combined into a specific 
hardware unit called fault detection circuit, which 

can make decisions to recover from faults. The 
second characteristic is the capability to correct 
misrouting either by the reuse of the route 
computation samples provided by double-sampling 
or by directly rerouting the in-transit packet. 
3D-NoC Architecture Overview 
In this project was consider a partially vertically 
connected 3D-NoC mesh architecture, wherein 
the routers include, in addition to the usual five 
ports (East, West, South, North, Local), either an 
Up port, a Down port, or both (i.e., 5, 6 and 7 port 
configuration). The Up and Down ports of the 
router are connected vertically using Through-
Silicon Via (TSV), as shown in Figure 1. 

 
Figure 1: 3D-NoC Architecture 

Since we consider RCU is responsible for 
selecting the output port and the Virtual Network 
(VN), a transient fault in the RCU can leave an in-
transit packet with an incorrect route, implying a 
wrong output port direction, an erroneous VN or 
both. In this case, to detect such faults is required 
a mechanism capable of analyzing the output port 
and the VN selected by the RCU. 
Techniques and Methods to Tolerate Soft-Error  
Figure 2 illustrates the basic operation of the 
double sampling mechanism used in this project. 
We propose to use the rising edge of the clock as 
latching event of the regular flip-flop and the falling 
edge of the clock as latching event of the 
redundant sampling element to get the Output Port 
(OP) and Virtual Network (VN) computed by the 
RCU ([OP,VN]). The RCU is performed in one 
clock cycle, and the double-sampling is running in 
parallel with RCU, thus resulting in no additional 
delay. 
The Sample_1 and Sample_2 are obtained in 
different instants, as shown in Figure 2. Those two 
samples are compared by the additional Fault 
Detection Circuit (FDC) after route computation. If 
the result of comparison between these two 
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samples is different, then a fault has affected one 
of the samples. Therefore, both samples need to 
be analyzed with the purpose of determining which 
one is faulty. On the other hand, if the result is 
equal, either there was not a fault, or a same fault 
affecting both samples. In this case, we only select 
Sample 1 to validate if there have been errors or 
not.  

 
Figure 2: A Double-Sampling implementation 

The detection of an incorrect route vector ([OP, 
VN]) can be performed directly by the VC Allocator 
(VCA) or by an extra Fault Detection Circuit (FDC), 
which runs in parallel with the VCA, as shown in 
Figure 3. Because the VCA includes a table 
indicating the possible input-output connections, it 
can detect illegal output port and VN requests with 
minor modifications.  
For faults that do not involve illegal turns, more 
sophisticated approaches are needed. This is the 
case when the output port and VN are both valid, 
but the packet needs to make illegal turns at later 
hops to reach its destination. To deal with these 
faults that cannot be detected by the VCA, an 
extra FDC is included in the NoC router, as shown 
in Figure 3. To this end, the FDC checks three 
conditions. First, it compares the Zd and Zc to 
know if the packets which need to go in the Up 
direction were wrongly selected to go Down, or 
vice versa. Additionally, it checks if the packets are 
directed to a local port, in this case, the FDC 
compares the position of the current router with the 
destination of the packets. Second, the FDC 
checks if the direction adopted by the packet 
leaves to an illegal turn in the upcoming packet 
path. Third, it checks the two samples provided by 
the double-sampling and selects which of them 
must be finally used by the VCA. 

 
Figure 3: Fault detection Circuit – FDC 

The VCA and the FDC work together to detect 
transient faults in the RCU. The faults reported by 
the FDC and VCA are analyzed and judged as 
follows: If both samples (Samples_1 and 
Sample_2 from double-sampling) are different, this 
method will check both samples trying to find 
which one is correct to be used, and the packet will 

continue its path using this result. If booth samples 
are faulty the packet will be rerouted.  
Repeating the route computation process is not 
simple since one RCU is shared among all VCs in 
the same input port. This means that each port is 
able to do one route computation per clock cycle. 
To avoid replicating the RCU for each VC, we 
propose a simple rerouting mechanism that uses 
the existing RCU. The idea is to ensure that a 
limited number of new packets enter an input port 
in which one or more packets have requested 
rerouting. The solution consists in preventing 
packets from entirely leaving the input port, 
ensuring the buffers do not get available to receive 
new packets until all packets have been rerouted. 
Evaluation and Validation 
The performance of the proposed RCU 
architecture is estimated through the average 
packet latency under three different traffic patterns 
(Uniform, Bit-complement). The resulting 
performance comparison is shown in Figure 4 
when there are faults in the ROUT3D-FDR and no 
faults in the ROUT3D baseline. The degradation in 
performance is noticed because to recover from 
misrouting the VC, the same input port needs to be 
blocked to avoid the reception of new headers 
while executing the rerouting routine. In other 
hand, using our techniques the reliability of the 3D-
NoC increase in the presence of faults, which 
means that more packets can arrive his 
destination. Additionally, the area and power 
overheads were estimated using an operating 
frequency of 1GHz, a power supply of 1V, and a 
commercial ST FD-SOI 28nm library. The 
measured area and power overheads including 
double-sampling, rerouting, and fault detection 
circuit were 4.1 % and 6.8 % respectively. 

 
Figure 4: Latency of ROUT3D-FDR and baseline ROUT3D 

under (a) uniform traffic and (b) bit complement traffic 
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1. Context and goals 
Ionization resulting from charged particles present 
in the environment where integrated circuits 
operate may result in a wide range of 
consequences gathered under the acronym SEE 
(Single Event Effects) and classed as soft and 
hard errors. Soft errors are the consequences of 
the modification of memory cells. The soft-error 
rate (SER) determination is still a challenge to 
evaluate the technology sensitivity and to 
extrapolate the trends for future IC’s generations. 
A common procedure in electronics consists in 
reducing the power supply value to the lowest 
possible value that can retain information. 
Although this value depends on the technology 
miniaturization, it means that the power supply 
falls from 3.3 V down to, e.g., 0.6 V. This is done 
in order to achieve two purposes: First of all, a 
decrease in the power consumption and, 
secondly, to minimize electrical stress on the 
device and prolong its effective life time. 
However, the main drawback of this approach is 
that it leads to an increase of the soft-error rate of 
the devices in such a way that even low-energy 
particles can induce single events. 
In order to understand this phenomenon, 
TIMA/RIS collaborates with the GHADIR research 
group in UCM (Universidad Complutense de 
Madrid) since 2014. Other organisms and 
companies involved in this research line are 
ONERA (Office National d'Etudes et de 
Recherches Aérospatiales), in charge of 
simulations and predictions, and Cypress 
Semiconductor, who has provided proprietary 
information about the DUTs (Devices Under Test) 
layout. Experiments usually consist in a tunable 
power supply far enough from the irradiation 
chamber and an accurate measuring system. 
Cypress 180 nm and 65 nm SRAMs as well as 
Renesas’ 130 nm to 110 nm SRAMs have been 
tested at the GENEPI-2 facility. 
GENEPI-2 (GEnérateur de NEutrons Pulsé 
Intense) is a particle accelerator located at 
Laboratoire de Physique Subatomique et de 
Cosmologie (LPSC, Grenoble - France) dedicated 
to high-energy neutrons that are produced under 
the impact of a deuteron beam onto a tritium (T) 
or deuterium (D) target by fusion reactions (Figure 
1). The beam intensity is continuously measured 
on target and the 14 MeV neutron production is 
monitored on line by a silicon detector.	
The DUT faces the centre of the beam line at a 

distance adjusted to the desired neutron flux. 
Typically the DUT is placed to reach a neutron 
flux of ~2.107 n.s-1.cm-2. Under these conditions, 
the DUT is exposed to a dose of ~1010-1011 

neutrons within one hour. 

 
Figure 1: The GENEPI-2 neutron facility 

Since neutrons propagate in the whole 
experimental room, the DUT test platform 
(hardware platform providing the suitable 
environment to the DUT and the readout 
electronics) also sits in the neutron flux. Therefore 
a shield of borated polyethylene was assembled 
and used to protect it (see Figure 2). 

 
Figure 2: The DUT facing the neutron source 

GENEPI-2 was proved to be an efficient 
irradiation facility to study the neutron impact on 
integrated circuits: relevant statistics on induced 
SEUs can be reached within five minutes. This 
irradiation flux is a significant improvement with 
respect to the radiation values previous to the 
recent facility upgrade. 

2. Recent outcomes 
As previously stated, SRAMs from Cypress 
Semiconductor and Renesas were tested. 
Cypress Semiconductors’ devices were different 
versions of the 2Mx8bit CY62167. 
§ CY62167D: 130 nm 
§ CY62167E: 90 nm 
§ CY62167G: 65 nm 
Besides, the 110-nm RMLV1616A memory, by 
Renesas, was tested with an identical set-up. 
Results obtained for the Cypress Semiconductor 
Memories 
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Experimental results clearly indicate that the soft-
error cross sections increase as the power supply 
value decreases [1-2]. Thus, single bit upsets are 
about 10 times more likely at ~0.5 V than at the 
nominal value, 3.3 V. This behavior is also 
observed in multiple bit upsets with multiplicities 
ranging from 2 to 5. Events with larger 
multiplicities are very common for the 90-nm 
SRAM, but much less likely in the other ones (see 
Figure 3). Also, as shown in Figure 3, the soft-
error cross sections show a decrease as the 
technology shrinks. In general, devices at 65 nm 
are more radiation tolerant than equivalent ones 
at 130 nm. 
 

 
Figure 3: Number of errors observed for different voltages  

Bitflips were classified in different kinds of errors 
using proprietary information provided by Cypress 
Semiconductor. Another important detail is that 
the 65-nm device has Error Correction Codes 
(ECC) that had to be deactivated for a better 
interpretation of the experiments. 
The results from the experiments were used to 
feed simulation tools developed by ONERA that 
allow estimating the expected number of errors 
due to radiation in several natural environments 
such as sea level or high-altitude flights. 
Experiments also showed that events such as 
micro Latch-ups and SEFIs (Single Event 
Function Interruptions) may occur in SRAMs at 
intermediate voltages (1.1-1.7 V) yielding strange 
clusters of errors on the order of 25 bitflips and 
MBUs (see Figure 4). Strangely, this phenomenon 
is not observed neither at nominal voltages (~3.3 
V) nor at ultra low values (~0.5 V). These 
phenomena were not observed in previous 
experiments probably due to the much lower 
neutron flux before the GENEPI-2 upgrade. 
Another interesting outcome of the experiments is 
that the large number of events has allowed the 
refinement of the strategies developed by the 
research team to classify errors into single or 
multiple bit upsets. These strategies were based 
on the search of statistical anomalies in the set of 
affected addresses [3-4]. 
 

 
Figure 4: Number of memory addresses 

affected by MBUs and SEFIs. 

Results obtained for the 110-nm A-LPSRAM 

An old version of this 2Mx8bit soft-error-free 
memory built in 150-nm technology was tested in 
previous campaigns. Recently, a more advanced 
model was released by Renesas in 110-nm 
technology so different samples were purchased 
and tested with nominal and low bias voltages 
(from 0.5V to 3.3V). 
Experimental results, still in study, seem to show 
that at nominal voltage the memories are 
extremely tolerant to 14-MeV neutrons, backing 
up the manufacturer’s claim of being soft-error 
free at typical environments [5-6]. 
However, strange clusters of errors have been 
observed in the memories as they were in the 
previous model in 150-nm CMOS technology. 
There is a slight difference in the signature of 
these errors, since in 150-nm devices usually 
occurred at ultra low voltage values, close to the 
retention limit. On the contrary, in the new model, 
the phenomena occur at intermediate voltages. As 
Renesas has not yet provided information about 
the internal structure of the device, these 
phenomena will be postulated in the near future. 
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1. Context and goals 
Delay/Disruption Tolerant Networks (DTNs) have 
recently been considered as an alternative to 
extend Internet boundaries into space. In particular, 
recent studies have considered their applicability in 
Low-Earth Orbit (LEO) satellite constellations. To 
overcome link disruptions, DTN nodes temporarily 
store and carry in-transit data until a suitable next-
hop link becomes available. To overcome delays, 
end-to-end feedback messages are no longer 
assumed continuous or instantaneous. This 
distinctive characteristic allows DTN to operate in 
environments where communications can be 
challenged by latency, bandwidth, data integrity, 
and stability issues. 
In spite of the recent advances in the area, the 
analysis of the fault tolerance of existing DTN 
solutions remains an open research topic. Indeed, 
existing DTN solutions had assumed that 
information on the communication scheduling is 
highly accurate, disregarding transient and 
temporary faults, inaccuracies in the orbital 
prediction, among other unwanted effects. Indeed, 
studying reliability of DTN is mandatory before 
seriously considering its applicability in the harsh 
space environment where radiation effects, 
vibrations, collisions, out-gassing among others 
pose significant challenges for satellites. 

2. Recent outcomes 
In this context, the RIS team has provided an 
extensive fault injection analysis based on 
appealing and realistic case studies of delay-
tolerant satellite constellations. The state-of-the-art 
version of Contact Graph Routing (CGR) algorithm 
was evaluated. The CGR algorithm was 
implemented in collaboration with the National 
University of Córdoba (UNC) in DtnSim, a new 
simulator. DtnSim is also introduced in this 
document and is already available via open-source 
licensing1. Results obtained from DtnSim in this 
analysis constitutes the state of the art research in 
the reliability aspect of DTNs and were published in 
a journal paper [1]. The main modeling challenges 
addressed in DtnSim simulator were published in a 
specific conference [2]. 
Fault model 
Over the last years, the RIS team as well as the 
semiconductor industry have been particularly 

                                                             
1 DtnSim public repository: https://bitbucket.org/lcd-unc-

ar/dtnsim 

concerned by the effects of radiation on integrated 
circuits and embedded systems in general. The 
rationale behind this motivation lies not only in the 
use of these systems in harsh radiation 
environments but also in the increasing degree of 
integration of devices embedded in the same chip. 
Among the possible errors, transient errors occur in 
the system temporarily and are usually caused by 
radiation interference, also known as Single Event 
Effects (SEEs). The random occurrence in time 
and space of such failure phenomenon, the 
probability of the error to happen, and the 
probability of effectively detecting an unwanted 
behavior, can be modeled by means of an 
exponential (Poisson) distribution. The exponential 
distribution model was chosen for this study and 
can be described by means of the following 
equation as detailed in [1]. 

 
Adopted exponential distribution model 

By means of the configuring lambda with Mean 
Time to Failure (MTTF) and Mean Time to Repair 
(MTTR), a fault injection system was designed to 
study the resulting traffic flow of a DTN under 
failure conditions. Other effects such as permanent 
errors as well as orbital predictions inaccuracies 
are left as future studies.  
Simulator Platform 
There exist several tools to evaluate DTNs 
overviewed in [1] and [2], but a new alternative had 
to be developed. Thus, a simulator called DtnSim 
was implemented, with support from the National 
University of Córdoba (UNC). Each node in DtnSim 
is based on the layered architecture illustrated in 
Figure 1. This architecture is a simplification of the 
original DTN architecture that has been adapted for 
DTN-based satellite systems and is comprised of 
an application (APP), network (NET), and Medium 
Access Control (MAC) layer. Physical layer effects 
such as bit error rate can be modeled within the 
MAC layer if required. 

 
Figure 1: DtnSim Architecture 
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The APP layer is the element that generates and 
consumes user data. The NET layer is the element 
in charge of providing delay-tolerant multi-hop 
transmission (i.e., routes) and was probably the 
most challenging module of DtnSim to develop. 
The CGR routing algorithm was implemented as an 
exchangeable sub-module of this layer. The MAC 
layer of the DtnSim node is designed to provide a 
reliable wireless link and to multiplex the shared 
medium among nodes with wireless interfaces. 
Also, DtnSim was extended with a fault-injector 
module based on the exponential model previously 
described. The complexity and the approaches 
taken to develop DtnSim were described in a 
specific conference paper [2].  
Simulation Results 
In order to assess CGR behavior under transient 
failures in realistic delay-tolerant satellite 
constellations, two configurations were proposed: a 
sun-synchronous along-track and a Walker-delta 
formation. The former constellation was designed 
in collaboration with the Argentinian Space Agency 
(CONAE) and proposed in two related publications 
[3] [4]. The Walker formation was developed in 
collaboration with Technical University of Dresden 
(TUD), deriving in another publication [5]. However, 
these only analyzed error-free performance of the 
network. The relevant reliability analysis and 
comparison was published in [1] and is described 
below. 
Both along-track and Walker constellations are 
based on 16 cross-linked LEO satellites (max. link 
range of 1000 Km at 500 km height), 25 ground 
target points, and 6 ground stations. Systems Tool 
Kit (STK) software was used to propagate these 
parameters for an analysis period of 24 hs. An 
intuitive illustration of the node's location on a world 
map is provided in Figure 2. The left side of the 
picture plots the ground tracks of the Walker 
formation while the along-track is on the right. 

 
Figure 2: Evaluated Satellite Constellations 

Simulation results cannot be plotted here for space 
reasons, the interested reader is referred to [1] to 
analyze the curves. In general, the along-track 
formation exhibited a higher effective fail rate which 
is consistent with the higher connectivity of a 
permanently connected constellation. The total 
bundles received curve on the Walker constellation 
evidenced a complete traffic delivery. However, the 
along-track formation is unable to deliver such load. 
After a thorough analysis of the simulation traces, it 
was found that a pathological routing behavior 

impeded CGR to find all feasible routes. These 
miscalculations are magnified as the failure rate 
increases. This was further discussed in [1] and 
derived in some suggestions to improve the 
existing CGR algorithm. At the time of writing, 
these modifications are being implemented in 
collaboration with the Jet Propulsion Laboratory 
(JPL) in a new release of ION, a DTN software 
stack, to be released in 2018. The along-track 
system resulted significantly more stable with the 
variation of the MTTF. In [1] is provided a detailed 
analysis of the results. 
Future perspectives 
A recent cooperation with GomSpace has started 
to develop reliable planning algorithms. 
Future work includes the exploration of further 
CGR enhancements that could improve its 
robustness when implemented in fault-prone DTN 
systems. However, these improvements not only 
depend on the algorithm but also on the planning 
stage, which happens on ground.  
Indeed, a more integral analysis of reliable 
communication scheduling and routing is currently 
on-going in the context of the GOM-X4 mission, 
with satellites manufactured by GomSpace, a 
company partially funded by ESA. Two satellites, 
illustrated in Figure 4, were successfully launched 
on February 2018 from China, and are currently at 
early-orbit provisioning stage. They fly in an along-
track formation and use inter-satellite links to 
communicate among them. Both satellites are 6U 
CubeSats with several payloads which require of 
particular attention as the power subsystem is not 
able to provide continuous energy. The 
communication links are not the exception, thus the 
utilization of store and forward solutions such as 
DTN becomes mandatory. 

 
Figure 4: GomSpace CubeSats: GOM-X4A and GOM-X4B 

The Saarland University is leading this cooperation 
with a strong support from J. Fraire, a member of 
the group that developed the analysis presented in 
this report. A similar cooperation is on the waiting 
queue. Indeed, CONAE is still planning to deploy a 
massive network of small satellites to accomplish 
their long-term objective of the “segmented 
architecture” project, being the SARE mission the 
most relevant technological demonstrator.  
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1. Introduction 
For selecting the appropriate device intended to 
be implemented in a system operating in harsh 
radiation environment, it is imperative to evaluate 
the SEE sensitivity of the candidates, and then to 
establish a trade-off between costs and reliability 
depending on the application and the operating 
environment. However, the evaluation based on 
dynamic radiation tests is costly in terms of time 
and money. For this reason, a prediction 
approach is required. Furthermore, the 
widespread use of multi/many-core processors in 
embedded systems requires a prediction error-
rate suitable for these devices. 
This work proposes an error-rate prediction 
approach and the evaluation of the sensitivity of 
applications implemented in multi and many-core 
processors exposed to harsh radiation 
environments. To validate the generality of this 
approach, three different Commercial-Off-The-
Shelf devices were targeted aiming at 
representing the most relevant technological and 
architectural aspects of multi/many-core 
processors: the Freescale P2041 quad-core 
processor, the Adapteva Epiphany E16G301 
microprocessor and the Kalray MPPA-256 many-
core processor. The Single Event Effect (SEE) 
sensitivity evaluation and the error-rate prediction 
was accomplished by combining radiation 
experiments with 14 Mev neutrons in particle 
accelerators to emulate a harsh radiation 
environment, and fault injection in cache 
memories, shared memories or processor 
registers, to emulate the consequences of Single 
Event Upset (SEU) in the program execution.  

2. Error-rate prediction approach 
The proposed approach is based on the principles 
of the Code Emulating Upset (CEU) approach. Up 
to now, the CEU approach has been successfully 
applied and validated for mono-core processors. 
However, the complexity of the processors has 
significantly increased due to the manufacturing 
technology, device architecture, number of cores, 
interconnections, functionalities, etc. Therefore, it 
is reasonable to validate a new approach for 
complex devices such as multi/many-core 

processors. Due to the large number of 
functionalities and pins that complex processors 
implement, it is not further possible to use the 
ASTERICS platform for injecting fault in this kind 
of devices. It is thus convenient to extend the 
CEU approach to multi/many-core processors 
benefiting of the multiplicity of cores by using one 
of them as fault injector while the others execute 
the chosen application. In order to isolate the fault 
injector, the device has to be configured in 
Asymmetric multi-processing mode. For 
performing the fault-injection, inter-core interrupts 
are used. Considering the architecture of the 
multi/many-core processors, this work proposes 
the addition of derating factors to the contribution 
of shared and cache memories for improving the 
accuracy of the prediction. These factors depend 
on the memory used by the application and the 
exposure time to radiation of shared and cache 
memories. By adding these derating factors, the 
equation that defines the approach is the 
following: 
 

τ"#$ = 	 τ'() ∗ 	σ",-,./ 	∗ Mf ∗ Etf  

Where τinj is obtained from fault injection 
campaigns. It is defined as average number of 
injected faults needed to cause an error in the 
result of the application. σ",-,./  is obtained from 
radiation tests and provides the average number 
of particles needed to cause a bit-flip in the device 
memory cells. Mf is the memory utilization factor. 
It is the amount of memory used by the 
application with respect to the total memory of the 
device. Lastly, Etf is the exposure time factor, 
which is applied when the multi/many-core 
processor performs as a co-processor of a 
development board and in order to log the results, 
it needs synchronization between the co-
processor and the Host.  

3. Evaluation of the target devices 
Freescale P2041 

This device is a quad-core processor 
manufactured in 45nm SOI technology which 
implements ECC and parity in their cache 
memories. Obtained results from the evaluation of 
the P2041 multi-core demonstrate that fault 
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injection allows identifying vulnerabilities in the 
application, and improving the programming 
strategy for reducing the impact of faults in the 
results. From the static test, it was confirmed that 
SOI process technology is more robust than 
traditional bulk CMOS. On the other hand, 
dynamic tests have demonstrated that in spite of 
the parity and ECC protection mechanisms, there 
were errors in the result of the application caused 
by MBUs in the address tags and data array. 
Finally, results show an underestimation of the 
predicted error-rate, since not all sensitive zones 
were targeted during the static test and fault 
injection campaigns. Furthermore, the 
implementation of ECC and parity in the device’s 
cache memories may affect the error-rate 
prediction. 
Adapteva Epiphany E16G301  

This microprocessor is manufactured in 65nm 
CMOS process which integrates 16 processor 
cores and do not implement any protection 
mechanism. From its evaluation, it can be seen 
that the proposed approach was effective for 
predicting the application error-rate. The fact that 
this device does not implement protection 
mechanisms has allowed a good estimation of the 
error-rate, confirming that protection mechanisms 
affect the testing and error-rate prediction. During 
the dynamic radiation test, input matrices were 
also checked to identify silent faults. It was done 
in order to obtain the experimental error-rate of 
the application which has a good correlation with 
the error rate obtained from fault injection. 
Kalray MPPA-256 

The MPPA-256 many-core processor is 
manufactured in 28nm TSMC CMOS technology 
which integrates 16 compute clusters each one 
with 17 processor cores, and implements ECC in 
its static memories and parity in its cache 
memories. 
Its evaluation shows that both, ECC and 
interleaving implemented in the SMEMs of the 
clusters are very effective to mitigate SEU type 
errors, since all the detected SEUs in the SMEMs 
were corrected during the static test. In addition, 
dynamic tests have demonstrated that by enabling 
the cache memories it is possible to gain in 
application performance without a reliability 
penalty, since cache memories implement an 
effective parity protection. Regarding the radiation 
experimental results, the prediction of the error-
rate was based only on registers’ contribution 
since they do not implement any protection 
mechanism. Despite the complexity of this many-
core processor, the prediction of the error-rate has 
a small underestimation that confirms the 
applicability of the approach to these devices. The 
possible reasons for this underestimation are: only 
accessible registers were targeted, 
communication infrastructure was not targeted, 
protection mechanisms may affect the error-rate 

prediction. Table 1 shows a summary of the 
neutron radiation experiments targeting the three 
multi/many-core processors. 

DEVICE 𝝈𝑺𝑻𝑨𝑻𝑰𝑪  
[cm2/device] 

Measured 
error rate 

[cm2/device] 

Predicted 
error rate 

[cm2/device] 

FREESCALE 
P2041 8.51x10@A 4.25x10@A 3.27x10@A 

ADAPTEVA 
E16G301 9.27𝑥10@H 4.63x10@H 4.02x10@H 

KALRAY 
MPPA-256  12.71𝑥10@A 5.78𝑥10@A 4.73x10@A 

Table 1: Radiation experiments on multi/many-core processors 

4. Future work 
The current work has presented a first insight in 
the vast study of the sensitivity to radiation of 
multi-core and many-core processors. For 
continuing with this work, the following topics can 
be explored: validation of the proposed approach 
using different programming models, validation of 
a real space application, validation by exposing to 
heavy-ions, evaluation of the communication 
infrastructure, and application of redundancy 
techniques to improve the reliability of the device. 
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1. Introduction 
The widespread use of COTS multi-core and 
many-core processors in computing systems is a 
consequence of their flexibility, low-power 
consumption, intrinsic redundancy and high 
performance. However, there are some 
dependability issues that have to be overcome. 
Indeed, the reliability, availability and security of 
systems based on these devices are reduced due 
to their increasing complexity, integration scale 
and sensitivity to natural radiation. In this context, 
this work provides valuable information about the 
Single Event Effects (SEE) sensitivity of 
applications running on multi/many-core 
processors and proposes a software fault-
tolerance technique to improve the reliability of 
systems implemented on these devices. 
The evaluation of the sensitivity was done through 
software fault-injection campaigns and radiation 
ground testing. For fault-injection, the principles of 
the Code Emulating Upset (CEU) approach were 
used and different variations of the CEU fault-
injection method were developed. These 
variations include a fault-injector based on fork 
principle, a fault-injector on bareboard based on 
inter-processor interrupts, and a fault-injector for 
distributed systems based on NoC and inter-
processor interrupts [1]. 

2. Evaluation of the impact of SEEs on parallel 
applications running on multi-core and 
many-core processors 

The methodology used for evaluation was based 
on multiple-case studies and their analysis. The 
different scenarios implemented consider a wide 
range of system configurations in terms of 
multiprocessing mode, programming model, 
memory model, and resources used. For the 
experimentation, two Commercial Off-The-Shelf 
(COTS) devices were selected: the Freescale 
Power PC P2041 quad-core built in 45nm SOI 
technology, and the KALRAY MPPA-256 many-
core processor built in 28nm CMOS technology. 
The case-studies were evaluated through fault-
injection and neutron radiation testing. 
The obtained results serve as a useful guideline to 
developers for choosing the most reliable system 
configuration according to their requirements. For 

instance, the evaluation done on the Freescale 
P2041 multi-core under neutron radiation has 
proved that despite the Silicon-on-Insulator 
manufacturing technology and the protection 
mechanisms implemented on the memory, 
erroneous results occurred. Additionally, results 
confirm the sensitivity dependence on software 
environment. It has been demonstrated that the 
Asymmetric Multiprocessing Mode is more reliable 
than the Symmetric. 
Multiprocessing mode. Also, one can verify that 
the intrinsic application characteristics play an 
important role on the system sensitivity. In 
addition, it can be observed a considerable 
vulnerability of the operating systems (OS) 
especially concerning system crashes and 
exceptions. This vulnerability has put in evidence 
that the implementation of redundancy at user 
level is not enough to overcome dependability 
issues. Therefore, it is clear the imperative 
necessity of using the partitioning concept to 
guarantee both reliability and availability of the 
system [2-4]. 
On the other hand, the evaluation under neutron 
radiation of the implemented scenarios on the 
KALRAY MPPA-256 many-core processor has 
proved the effectiveness of the protection 
mechanisms implemented on its memories. 
Furthermore, it was also possible to determine the 
pertinence of enabling the cache memories of this 
device for improving its performance with 
minimum reliability consequences. These results 
also corroborate the SEE sensitivity dependency 
on software environment. Moreover, through the 
implementation of parallel applications in the 
many-core processor, it was possible to confirm 
that the migration of an application to a distributed 
system communicating by Networks-on-Chip is a 
non-trivial task [5-6]. 
Furthermore, one of the mainstays for migrating 
from uni-processors to multi/many-core 
processors in criticality systems is the possibility 
to take advantage of the inherent redundancy to 
implement fault-tolerance by replication. As 
expected, the implementation of the Triple 
Modular Redundancy on the quad-core has 
improved significantly the system reliability. 
However, it has reduced its parallel computing 



	

RIS team - 69 

capability. Nevertheless, redundancy applied to 
many-core processor is a promising solution. 

3. A software approach to improve the system 
reliability 

The approach developed during this work, called 
called NMR-MPar, is based on N Modular 
Redundancy and partitioning concepts has been 
evaluated through the implementation of a case 
study running on the KALRAY MPPA-256 many-
core processor. The approach was applied to two 
benchmarks, the cpu-bound Travel Salesman 
Problem (TSP) application and the memory-bound 
Matrix Multiplication. Figure 1 illustrates the 
approach that implements a Quad Modular 
Redundancy (4-MR) on a clusterized architecture. 
The system is comprised by two independent 
Double Modular Redundancy (DMR) configured in 
a master-slave scheme. The RM1 and RM2 of the 
IO cluster act as master of each module where 
the Compute Clusters’ (CC) cores perform as 
slaves. The first DMR is comprised by 2 multi-core 
partitions (P0 and P1) to run the distributed 
application, and 2 mono-core partitions, P4 which 
is the master of the DMR and P5 which is the 
voter. The second DMR uses 2 multi-core 
partitions (P2 and P3) to run the application and 2 
mono-core partitions, P6 (master) and P7 (voter). 
Each DMR module sends the results to the other 
DMR, majority voting to 4 results.before each 
voter applies. 

 
Figure 1: Implementation of NMR-MPar on MPPA 

The approach developed during this work, called 
NMR-MPar, is based on N-Modular Redundancy 
and partitioning concepts and has been evaluated 
through the implementation of a case study 
running on the KALRAY MPPA-256 many-core 
processor. The approach was applied to two 
benchmarks, the CPU-bound Travel Salesman 
Problem (TSP) application and the memory-bound 
Matrix Multiplication. The evaluation was done 
through fault-injection campaigns. Results 

summarized in figure 2 have proved that the 
proposed approach is very efficient to improve the 
reliability on applications running on many-core 
COTS processors. 

 
Figure 2: Results of fault-injection campaigns 

The obtained results show that only exceptions 
cannot be completely overcome by this approach. 
This issue can be surpassed by implementing 
complementary fault tolerance techniques on 
application and OS level. Therefore, by combining 
NMR-MPar with these techniques, it will be 
possible to use multi-core and many-core COTS 
processors in harsh radiation environments 

4. Future work 
This work opens up various possibilities to 
continue the investigation, such as: 
§ Evaluate the NMR-MPar approach under 

neutron and heavy-ions radiation to validate its 
applicability to avionics and spacecraft 
applications 

§ Conjugate this approach with other software 
implemented fault tolerance techniques at OS 
and user level to deal with exceptions 

§ Evaluate NMR-MPar on other system 
configurations. Benefiting of the large number 
of cores in the selected many-core processor, 
it is suitable to evaluate other systems 
configurations. Also, it can be interesting to 
implement this approach on other platforms to 
evaluate its broad applicability on systems 
based on multi/many-core processors 

§ Appraise its overhead in terms of energy and 
power consumption 
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1. Introduction 
In this work, we explore the use of harmonic 
cancellation strategies for the practical 
implementation of on-chip sinusoidal signal 
generators. Harmonic cancellation is a classical 
spectral manipulation technique based on 
combining phase-shifted and weighted versions of 
a periodic signal to provide a periodic signal in 
which a set of low-order harmonic components is 
cancelled. The proposed architecture, as shown in 
Fig.1, is based on a N-length circular shift-register 
that generates digital square-waves phase-shifted 
by !"

#
 . Subsequently, the set of selected phase-

shifted square-waves from the shift-register are 
conveniently scaled with the help of current-
steering sources and summed to generate a 
sinusoidal output.  

 
Figure 1: Conceptual block diagram of the proposed sinusoidal 

signal generator 

Classical harmonic cancellation techniques [1] 
consist of combining “p” pairs of a square-wave 
phase-shifted and scaled with coefficients 
according to (1) to cancel all odd-order harmonic 
components lower than the 2(2p+1)-th order. 

 (1) 
However, the effectiveness of the harmonic 
cancellation is very sensitive to mismatch and the 
scale weights provided by (1) are irritational which 
make its implementation challenging and requires 
careful layout of the weighting elements. 
In this line, our goal is to explore and propose 
different solutions to the harmonic cancellation 
design equation that simplify the practical 
implementation of the scale weights. 

2. Harmonic cancellation strategy with integer 
scale-weight ratios 

Let us consider a generic periodic signal x(t) 
expressed as a Fourier series expansion: 

 (2) 
Let us consider signal y1(t) defined as: 

 (3) 
In this configuration, it is easy to demonstrate that 
the third-harmonic component of the original signal 
x(t) can be easily cancelled by setting Φ1 = 𝜋/3. 
Let us iterate the same process and define now 
signal y2(t) as  

(4) 

As it can be observed, by setting Φ1 = "
*
 and Φ2 =

"
,
 we can cancel the 3rd and 5th order harmonic 

components of the original signal x(t). This solution 
employs a combination of 9 square-waves sq1(t) to 
sq9(t), as it is schematically shown in Fig. 2. These 
9 square-waves are distributed into three sets of 
square-waves, each set contains three square-
waves with a relative phase-shift by "

*
, and the sets 

are phase-shifted by "
,
. 

 
Figure 2: Harmonic cancellation strategy using integer scale 

weight ratios to cancel the 3rd and 5th harmonics  

Based on the generator architecture shown in 
Fig.1, the required phase-shifts can be easily 
achieved using a shift-register with 30 flip-flops. In 
this case, scale factors ratios are integer and 
powers of 2 which simplifies matching of the 
different signal branches in a practical 
implementation. 

3. Harmonic cancellation with unitary scale 
weight-ratios using odd number of signals 

A similar strategy can be devised to achieve 
harmonic cancellation conditions using unitary 
weight ratios for all the signal phases. Let us 
consider signal y1(t) defined as: 

 (5) 
For instance, the third-order harmonic component 
can be cancelled by setting Φ1 = !"

-
. Similarly to 

the previous case, the process can be iterated. Let 
us define signal y2(t) as: 

x(t) =

1X

k=1

Ak cos(k!0t+ 'k) (1)
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 (6) 
Again, the 3rd and 5th order harmonic components 
can be cancelled by setting	Φ1 = !"

-
 and Φ2 =

!"
/,

.This harmonic cancellation strategy with unitary 
scale ratios can be easily implemented using 9 
square-waves sq1(t) to sq9(t), as it is schematically 
shown in Fig.3. 

 
Figure 3: Harmonic cancellation strategy using integer scale 

weight ratios and even number of signals to cancel the 3rd and 
5th harmonics  

Based on the generator architecture shown in 
Fig.1, the required phase-shifts can be easily 
achieved using a shift-register with 90 flip-flops and 
unitary scale weights which relax the 
implementation of the weighting stage. 

4. Harmonic cancellation with unitary scale 
weight-ratios using even number of signals 

In order to further reduce the complexity of the 
previous generation strategy, we propose a similar 
harmonic cancellation strategy using unitary weight 
ratios with a reduced number of square-waves. Let 
us consider signal y1(t) defined as: 

 (7) 
In this configuration, the 3rd harmonic component 
can be cancelled by setting Φ1 = "

0
. Let us iterate 

the process and define y2(t) as : 

 (8) 
In the resultant signal y2(t), 3rd and 5th harmonic 
components can be cancelled by carefully 
selecting variables	Φ1 = "

0
 and Φ2 = "

/1
. This 

harmonic cancellation strategy can be 
implemented by combining four square-waves 
sq1(t) to sq4(t), as schematically shown in Fig. 4.  

 
Figure 4: Harmonic cancellation strategy using integer scale 
weight ratios and even number of signals to cancel t3rd and 

5th harmonics  

Based on the generator architecture shown in 
Fig.1, the required phase-shifts can be easily 

achieved using a shift-register with 30 flip-flops and 
unitary scale weight which relax the 
implementation of the weighting stage. 

5. Simulation results 
In order to demonstrate the feasibility of the 
proposed harmonic cancellation strategies, we 
have developed realistic behavioral models for the 
irrational harmonic cancellation with 5-phase 
generator presented [1], and for the novel 
harmonic cancellation strategies described 
previously in Fig. 2, Fig. 3 and Fig. 4. The goal of 
these simulations is to analyze the effectiveness of 
the cancellation in the presence of fabrication 
imperfections that may introduce deviations in the 
scale weight ratios required for the considered 
harmonic cancellation techniques. A set of 
statistical behavioral simulations were performed in 
MATLAB considering mismatch between the scale 
weights. Two different operation scenarios were 
considered for all the proposed generators: a high-
frequency scenario with clock frequencies fclk = 2 
GHz, and a moderate-frequency scenario with fclk 
= 200 MHz. Notice that the frequency of the output 
sinusoidal signal for each generator will be fwave = 
fclk/N. 
Fig. 5 shows boxplots of the THD obtained for the 
four considered harmonic cancellation strategies, 
for the two different operation frequencies 
considered, as a function of the maximum scale-
weight mismatch in the summing network, obtained 
by behavioral level statistical simulations. A total of 
100 generator instances were randomly generated 
for each combination of operation conditions. 
Scale-weight mismatch and delay errors were 
modeled as random variables. In this set of 
simulations, the time delay mismatch is set to a 
maximum of 0.1 ps for all simulations. As it can be 
observed, the impact of scale weight mismatch is 
practically identical for the four considered 
harmonic cancellation strategies which implies that 
implementation complexity will be considered as 
the most important criteria to select the most 
adequate generation strategy. 
Table 1 summarizes the main characteristics of the 
four considered cancellation techniques and Fig. 6 
further clarifies this trade-off. This figure represents 
the order of the first non-canceled harmonic as a 
function of the number of necessary phase-shifted 
square-waves for each of the presented sinusoidal 
signal generation techniques. Additionally, we 
indicate, for each data point, the set of different 
weights required for implementing each generator 
(for the generators with non-unitary weights). 
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Figure 5: THD of the generated sinusoidal signal as function of 

the maximum scale weight mismatch

 
Figure 6: Comparison of the proposed harmonic cancellation 

strategies 

 
Table 1: Comparison of harmonic cancellation strategies 

6. References 
[1] H. Malloug, et al. Mostly-digital design of sinusoidal signal 

generators for mixed-signal BIST applications using 
harmonic cancellation,” International Mixed-Signal Testing 
Workshop, 2016 
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1. Introduction 
Testing RF subsystems embedded in complex 
Systems-on-Chip (SoCs) and Systems-in- 
Package (SiPs) represents a challenging task. It 
can be said that RF testing inherits the difficulties 
of analog testing, but adding also the problem of 
handling high-frequency signals. The direct test 
and diagnosis of an RF device are based on 
complex functional tests that apply a high-
frequency stimulus to the Device Under Test (DUT) 
and observe its response to compute a 
performance metric. This usually requires the use 
of dedicated high-speed test equipment and the 
provision of an adequate test access. However, the 
increase in operation frequency and the fact that 
RF blocks are currently embedded within a 
complete integrated system, turn these 
requirements quite difficult. Test access to internal 
nodes is usually impossible, and even in the case 
these nodes are reachable, there may be electrical 
losses in the transport of the signals between the 
chip and the external tester. 
The development of RF Built-In Self-Test (BIST) is 
a promising solution to overcome these issues. 
BIST strategies are aimed to move some of the 
tester functionality into the DUT itself, in such a way 
that the circuit becomes self-testable. Signal 
manipulations would remain internal, thus 
eliminating transport problems. However, the RF 
BIST road is not free of shortcomings either. Two 
key problems that any successful RF BIST should 
overcome are: (a) the high sensitivity of internal RF 
nodes to any added load during test; and (b) the 
internal generation of adequate RF test stimuli. 
Indeed, RF signal paths are extremely sensitive to 
parasitic loads. Tapping into an RF node during 
BIST operation to connect an embedded test 
instrument may have a huge impact on the 
functionality of the DUT, masking the actual 
performance of the device. In the same way, RF 
front-ends, and particularly the receiver sections, 
are usually tested at their operation frequency. 
BIST approaches can only be successful if we can 
devise strategies for simplifying (or avoid) the 
internal generation of RF test stimulus, since the 
cost of including RF test signal generators on-chip 
together with the DUT is usually prohibitive. 

2. Research opportunities and proposed 
approaches 

There is not a widely accepted solution yet for 
incorporating BIST into the building blocks of state-
of-the-art integrated transceivers. This thesis is 
aimed at defining novel test solutions for mmW 
circuitry that: 

§ Minimize or eliminate added loads to the RF 
signal path. RF circuits, and specially mmW 
circuits, are extremely sensitive to loading 
effects. 

§ Simplify or avoid the generation of RF tones. 
Dedicated RF tone generators based on RF 
VCOs offer a great RF performance, but at the 
cost of design complexity and a considerable 
area and power overhead. 

§ Consider the co-design of BIST circuitry and 
DUT since the early design stages. Any built-in 
test instrument that taps into the RF signal path 
should be carefully co-designed to avoid 
performance degradation. 

§ Minimize the number of required 
measurements. A cost-driven optimization of 
the set of RF measurements to filter redundant 
and costly measurements is also a promising 
path for reducing RF test complexity and cost. 

3. Initial stages 
The design of a mmW Power Amplifier at 60 GHz 
in STMicroelectronics 55 nm BiCMOS technology 
has been envisaged. We have developed a 
methodological approach to the design of the PA. 
This exercise not only has provided as with an 
actual state-of-the-art case study, but it also has 
given us a valuable insight on mmW design that will 
guide our research in future stages. 

4. Assisted design of non-intrusive indirect 
test 

A 60 GHz class A one stage power amplifier has 
been designed in STMicroelectronics 55 nm 
BiCMOS technology. The chip dimensions are 
300µm * 500µm. The performances of this circuit 
are not state of the art, though good enough for our 
purpose. As a matter of fact, this circuit was 
devised to be a proof of concept, for a new non-
intrusive test methodology. The circuit has been 
sent for fabrication in November 2017. 
Let us introduce the exact aim of this work. In this 
respect, let us consider a generic non-intrusive 
machine learning indirect test scenario in which we 
intend to regress a set of performances of a given 
DUT from a set of signatures measured from a set 
of non-intrusive process variation sensors. The 
problem we address in this work is: given the netlist 
of a particular DUT in a given technology and a set 
of target performances, how to systematize the 
proposal of the set of signatures and the design of 
the associated sensors.  
The methodology that we propose is divided into 
two interrelated steps. The first step is aimed at 
unveiling the root causes of parametric 
performance variation in the simulation 
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environment. The second step is devised to find 
process variation sensors that are sensitive to the 
identified set of root causes. 
Thus, the aforementioned PA is intended to be the 
DUT in this study. 
Let us describe the two steps of the proposed 
methodology. The first one aims at unveiling the 
root causes of parametric performance variation. In 
this purpose, information provided by Monte Carlo 
(MC) models in the Process Design Kit are the key 
to understanding these root causes. Therefore, our 
methodology explores the space of MC parameters 
to find the minimum subset that explains the 
parametric performance variation of the PA.  
Exploring this space can be seen as a feature 
selection problem in which we consider the MC 
parameters as candidate features to regress a 
given target performance using a machine learning 
regression model. Thus, we chose to adapt the 
Brownian distance correlation-directed search, 
previously presented by M. Barragán in one of his 
works. Regarding a given performance, this 
algorithm ranks the most relevant MC parameters. 
Then, for each specification of the DUT, we have a 
list of model parameters that explain its variation. 
The second step is the assisted design of non-
intrusive process variation sensors. As a matter of 
fact, MC process parameters are basically abstract 
mathematical entities. Nevertheless, since they are 
the link with the fabrication steps, there must be an 
underlying physical phenomenon which warrant 
their validity. 
Thus, a set of sensors has been designed to 
translate MC parameters meaning in real 
measurements. Ideally, for each identified MC 
process parameter, there should be one signature 
(sensor + measurement) that correlates perfectly 
with it. Obviously, this is not the case, and yet, the 
decorrelation between the different signatures is 
good enough to ensure a good performance 
prediction. Figure 1 presents the predicted gain 
versus the actual gain of the amplifier. It is clear 
that the regression results are satisfying since 
there is very little difference between the two 
(0,08dB RMS error in the prediction for a standard 
deviation of 0,69dB for the actual gain). 
We have presented a systematic methodology for 
generating a non-intrusive indirect test program for 
mm-wave circuits. The proposed strategy 
represents a promising step towards the fully 
automation of test generation for non-intrusive 
machine learning test. The proposed methodology 
is illustrated using a 60 GHz PA case study 
designed in STMicroelectronics 55 nm BiCMOS 
technology. We have shown that the presented 
assisted test design algorithm enables us to find 
the root causes of parametric performance 
degradation and guides the design of appropriate 
non-intrusive sensors and signatures for accurate 
performance prediction.  

	
Figure 1 : Scatterplot of predicted versus actual gain of the PA 
using the generated indirect test program with 9 non-intrusive 

signatures 

This work has received the best poster award in the 
national conference JNRDM 2018 [1]. An article 
has also been accepted in the international 
conference IEEE ETS 2018 [2]. 
The last step of this study will of course be silicon 
measurements to assert the validity and accuracy 
of the method. 

5. Future work 
A two stages power amplifier is currently being 
designed in order to provide state of the art 
performances alongside with non-intrusive test 
capabilities and maybe one shot calibration to 
balance the parametric process variations. 
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1. Introduction 
Beam-forming techniques appear as promising 
solutions for the deployment of high-data-rate, low-
power, point-to-point communications, such as 5G. 
These techniques rely on the usage of phased 
arrays. A phased array provides with a beam of 
energy that can be steered to point at different 
directions. They consist in an antenna array whose 
antennas are fed through phase shifters. The 
phase shifters are used to introduce a phase shift 
on the signal that is meant to be emitted in such a 
way that the existing phase difference between 
neighboring antennas will produce a steering of the 
beam. In this context, feeding each antenna with 
an accurately phase-shifted signal is a subject of 
great importance in the design of high-performance 
transceiver front-ends [1]. However, testing the 
provided phase shift is a cumbersome issue. 
Depending on the complexity of the phased array, 
it can greatly increase its production costs or even 
be impossible to perform its direct measurement 
due to the inaccessibility of the ports of the phase 
shifter. 
For this reason, providing with test techniques that 
allow the extraction of the phase shifter 
performance is a subject of major interest in the 
design of phased arrays. In this context, the usage 
of a Built-In Self-Test (BIST) strategy that allows to 
avoid the usage of expensive dedicated 
measurement equipment, the Automated Test 
Equipment (ATE), appears as a good candidate to 
reduce costs and provide with measurements of 
the Device Under Test (DUT). BIST strategies 
pretend to move some of the functions performed 
by the ATE to on-chip circuitry. The BIST must 
output signals that can be read using low-cost 
instruments in order to effectively reduce the 
testing cost. Moreover, a successful BIST should 
introduce low area overhead and have a low impact 
on the DUT performance. 

2. Research opportunities and proposed 
approaches 

This thesis aims at using Oscillation-Based-Test 
(OBT) as the method to measure the provided 
phase shift. When performing OBT, the DUT is 
turned into an oscillator using additional circuitry. 
The features of the provided oscillations (e.g. 
frequency and amplitude) are then correlated with 
the actual performance of the device [2]. In our 
context, the usage of this technique is not free of 
shortcomings: 

§ The added circuitry has to provide with a low 
impact on the DUT performance and low area 
overhead. 

§ Additional on-chip circuitry has to be designed 
to output a signal that can be read with low cost 
equipment. 

§ The number of necessary measurements has to 
be minimized. Phase difference between 
neighboring DUTs has to be targeted instead of 
single DUT measurement. 

3. Initial stages 
We have designed a mm-Wave phase shifter at 60 
GHz with circuitry to enhance BIST capabilities. 
The circuit has been designed in the BiCMOS 55-
nm technology of STMicroelectronics. The 
designed phase shifter is based on a Reflection-
Type Phase Shifter (RTPS) architecture. The 
RTPSs are composed of a 3-dB coupler and two 
reflective loads. In our case, the design of the 3-dB 
coupler has been done using a Coupled Slow-
wave CoPlanar Waveguides topology and the 
reflective loads have been designed using 
varactors. Preliminary results have been sent for 
publication in [3]. 
In addition, other circuitry such as mm-Wave 
switches, transmission lines, couplers and 
characterization structures have been designed as 
elements that might be useful in future stages of 
the research in this topic. 

4. References 
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1. Introduction 
This thesis is one part of a large ANR project called 
TRICOT, which has purpose on developing a new 
3D integration technology dedicated to future 
wireless applications in mm-wave interconnects, 
circuits, nanopackaging and ultra-high-speed 
communications. A technology using carbon 
nanotubes (CNTs) is proposed to design 
functionalized interposer, which can operate up to 
100 GHz, at least in a first step. This smart 
interposer will not only serve as a classical passive 
substrate for top to bottom connections, but also as 
a new artificial functionalized substrate, that can 
horizontally guide the EM waves with embedded 
and shielded critical passive circuits formed by 
empty waveguides or waveguides loaded by CNTs 
patterns. Such artificial substrate is based on CNT 
growth technology and Slow-Wave Substrate 
Integrated Waveguide (SW-SIW) concept. 
For demonstrating the proof of concept of this new 
type of functionalized CNTs based interposer, we 
plan to design, fabricate, and characterize a 3D 
integrated E-band phased array using a Butler 
matrix embedded inside the interposer and 
addressing back-hauling for 5G mm-waves. A 2D 
Butler matrix will be considered to achieve the 
system-level demonstrator, an example of this 
concept is shown in figure 1. 

 
Figure 1: Sketched view illustrating the principle of the smart 

interposer 

 
 

Five progressive steps with design, fabrication and 
characterization works will be considered to 
achieve the system-level demonstrator: 
§ Step1: SIW with CNTs lateral walls 
§ Step2: CNTs based SW-SIW 
§ Step3: Design of the Butler matrix elementary 

circuit blocks  
§ Step4: Assembly of the Butler matrix based on 

the elementary circuits blocks 
§ Step5: 3D integrated phased array in 

functionalized CNT-based interposer with 
Butler matrix slot coupled to a patch antenna 
array 

In this work, TIMA will be in charge of studying, 
designing and fabricating the Butler matrix 
elementary circuits’ blocks by using the CNTs 
based SW-SIW. Meanwhile, XLIM and CINTRA, 
two project partners, will take responsibility for CNT 
technology as well as the predictive electrical 
model of CNTs based SIW and SW-SIW, which 
can be simulated by 3D EM tools (ANSYS HFSS). 

2. State of the art 
2.1. Interposers 

Interposer is an electrical interface that can be able 
to integrate various chips from various 
technologies on a very performing substrate that 
can eventually be multilayered and/or processed 
on both sides. The original idea was released by 
IBM Corporation that aimed at saving the 
computing time for data servers with particularly 
electrically performing connecting paths between 
processor chips [1]. From data server at the very 
beginning, applications turned now to mobility, 
which means integration density, low power and 
wireless. Three main technologies of interposer are 
competing at mm-waves: silicon, glass and 
organic. Meanwhile, the fourth technology: ceramic 
is predicted having a very specific application. 
2.2. SIW and SW-SIW technologies 

The SIW technology was invented at the early 
2000s for mm-wave applications where a strong 
confinement of the wave is necessary, as well as 
high quality factors leading to the realization of low 
insertion loss devices. The concept is based on the 
realization of a waveguide embedded in a 
substrate by using a standard PCB technology, 
thus leading to low-cost waveguides. This is 
achieved by using doubled-face metallized 
substrates, and vias arranged in two parallel lines 
to define the lateral walls of the waveguide. After 
the first works presented in [2], the SIW technology 
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has been extensively studied and developed to 
design many passive circuits at low cost and high 
quality factor at mm-waves. More recently, the 
group in Grenoble has proposed a new concept of 
SIW: a slow-wave SIW, where several rows of 
metallized blind via holes are considered. This 
concept allows to reduce by 40 % the transversal 
dimension and the phase velocity as compared to 
a classical SIW designed for the same cutoff 
frequency, leading to a significant surface 
reduction and much more compact devices [3]. 
2.3. CNTs for RF applications 

The physics and properties of CNTs have been 
studied for nearly three decades, and many 
possible applications for these nanomaterials have 
already been widely explored (as varied as the field 
effect transistor based on CNTs, or composite 
polymers, or conductive inks). As for the CINTRA 
and XLIM teams, they have been working on the 
use of CNTs for high-frequency applications and in 
particular for the nanopackaging: flip-chip bonding, 
circuits isolation and wireless interconnects. They 
demonstrated that the use of CNTs is an alternative 
approach for innovative solutions dedicated to 3D 
heterogeneous integration. Therefore, in this 
project, we will consider CNTs for the realization of 
SIW and SW-SIW and this new concept will be 
implemented on the basis of the expertise of 
CINTRA in the growth of CNTs where the CNTs will 
be modelled with the equivalent model that can be 
simulated with 3D EM tools. 

3. Preliminary works and results 
3.1. CNT based SIW 

To obtain CNT based SIW, the lateral metallic walls 
of rectangular waveguides can be replaced by 
CNTs walls. First simulations were carried out by 
focusing on the density of the nanotubes and on 
the thickness of the walls. Two extreme densities 
of CNTs that can be obtained experimentally were 
considered, 10##	tubes/m, and 10#-	tubes/m,. 
After making simulation by using HFSS software, 
the results are shown in figure 2 (from Xlim). 

	
Figure 2: Transmission coefficient versus frequency 

It is obvious that when using a high density of CNTs 
(10#-	𝑡𝑢𝑏𝑒𝑠/𝑚,), the transmission is the same as 
with a perfect conductor, even for a small wall 
thickness. It should be therefore possible to use 
CNT instead of metallic wall for the realization of 
waveguides. 
 

 

3.2. CNT based SW-SIW 

The concept of CNT based SW-SIW is described 
in figure 3, where the SIW is partially filled by a 
CNT’s forest of height ℎ#. The electrical field is 
located only in the volume limited by ℎ,, whereas 
the magnetic field flows throughout the whole 
volume. Simulation results are shown in figure 4. 
They present the evolution of the transmission 
parameter 𝑆,#, where the reduction of the cut-off 
frequency can be observed with the increase of 
ratio ℎ#/(ℎ# + ℎ,). It is clear that the SW-SIW cut-
off frequency and phase velocity showed great 
reduction as compared to the conventional SIW. 

	
Figure 3: CNTs based SW-SIW concept 

	
Figure 4: Simulation results of CNTs SW-SIW ( cut-off 

frequency shift versus h#/(h# + h,) 

A method was proposed by Matthieu Bertrand to 
reduce the simulation time of periodic structures 
such as CNT based SW-SIW devices. It is based 
on the use of a unit cell that can be simulated by 
the eigen-mode solver in HFSS, instead of using 
the whole structure [4]. 

	
Figure 5: CNTs based SW-SIW unit cell 

4. References 
[1] W. Howell, T. Ference, V. Rao, D. Scheid, J. Budnaitis, 

R. Streif: “Area array interconnection with Cu-PI thin films 
on a multi-layer glass-ceramic substrate” Electronic 
Components and Technology Conference, 1993 

[2] D. Deslandes, K. Wu: “Accurate modelling, wave 
mechanisms, and design considerations of a substrate 
integrated waveguide” IEEE Transactions on Microwave 
Theory and Techniques, 2006 

[3] A. Niembro-Martín, V. Nasserddine, E. Pistono, H. Issa, 
A.L. Franc, T.P. Vuong, P. Ferrari: “Slow-Wave Substrate 
Integrated Waveguide” IEEE Transactions on Microwave 
Theory and Techniques, 2014 

[4] M. Bertrand : “Guides à ondes lentes intégrés dans le 
substrat pour les applications en bandes RF et 
millimétriques” 2017 

ℎ,	
ℎ# 

Electrical	
field	

CNTs	 
forest 



	

RMS team - 80 

Analog Serial Link 
Members: M. Tmimi, P. Galy, S. D’Amico, P. Ferrari 
Cooperation: STMicroelectronics Crolles 
 

1. Introduction 
The global internet Zettabyte traffic era and the 
need for higher computing performance always ask 
for higher data rates. Where the annual global IP 
traffic is projected to reach 3.3 zettabytes per year 
by 2021.To reach these goals, improvements have 
to be made to the existing serial links solutions, 
higher data rates need to be reached while taking 
into account the energy efficiency and the circuit 
complexity. Note that energy efficiency will 
probably become the main challenge in the next 
future. However, with the increasing data rates, 
signal integrity problems arise due to the losses in 
the channel, from the discontinuities caused by the 
different system components including impedance 
mismatches, cables and connectors transitions, 
DC power connections and vias. Furthermore, 
these losses make the channel vulnerable to 
higher losses in certain frequencies that might 
depend on the process. In that context the 
conventional serial links employ combinations of 
different equalization techniques including 
feedforward equalization (FFE), continuous-time 
linear equalization (CTLE) and decision feedback 
equalization (DFE) to compensate the channel 
impairments such as crosstalk or Inter-symbol 
interferences (ISI). To achieve more and more 
bandwidth and data processing capability, these 
equalization techniques complexity and 
sophistication skyrocketed in the last decades. 
Their implementation was possible and feasible 
because of the scaling of digital filters, they 
reduced both the surface area and power 
consumption as compared to previous technology 
nodes. However, the energy efficiency stopped 
scaling for the last technology nodes since the 
supply voltage has reached a limit.  
An alternative approach will be investigated in this 
thesis. Communications techniques such as 
modulation and multi-tone signaling to allocate 
modulated carrier frequencies in the available 
bandwidths will be explored, while taking into 
consideration the channel state information and 
adapting the modulation schemes and frequencies 
to achieve the best performance from an energy 
and data rate point of view, with a probable trade-
off. 

2. Initial stages 
A state-of-the-art study on wireline 
communications and mainly multi-tone signaling 
techniques is underway. Recently, researchers 
have been working on similar approaches, i.e 
replace equalization techniques with different 
modulation schemes as shown in Fig1. In these 

works, the modulation schemes were controlled 
using external components. 
This thesis objective is to implement a full adaptive 
serial link that senses the channel state information 
(CSI) then decides which modulation schemes and 
transmission bandwidths to use, in order to 
maximize the data rate, minimize the power 
consumption and the silicon surface. 
Furthermore, a reconfigurable Digital to Analog 
converter was designed in STMicroelectronics 
28 nm FD-SOI technology, which is considered one 
of the key components in this architecture based 
on reconfigurable D/A and A/D converters [patent 
ref ], and it is also a good design exercise for the 
initial thesis work. The design should be finished by 
February 2018. 

3. Research opportunities and proposed 
approaches 

Firstly, the used figure of merit (FoM) for 
conventional systems, which is energy efficiency 
per bit, does not take into consideration the 
modulation schemes and notches, thus an 
appropriate FoM will be investigated. Furthermore, 
a comparison of the existing solutions will be 
studied, since no such comparison or way of 
comparison exist to the best of our knowledge, the 
techniques will be compared for the same channel 
losses… using Matlab models. Beside the results, 
the advantages and disadvantages of each method 
will also be inspected. 
Secondly, taking into consideration the possible 
trade-offs, the design of a robust and feasible 
adaptive system on ST 28nm FDSOI technology 
will be carried out. 

 
Figure 1: Hybrid serial link using NRZ/QPSK modulation 
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1. Introduction 
Objective image quality assessment (IQA) seek 
automatically prediction of visual quality of an 
image without human judgments. In many recent 
works, objective IQA uses subjective IQA to 
evaluate and benchmark the objective IQA 
methods [1-3]. According to the level of information 
available on the reference image, objective IQA 
can be classified into three groups: Full-Reference 
(FR) IQA, which needs the complete reference 
image in order to be computed; Reduced-
Reference (RR) IQA, where the reference image is 
only partially available in the form of a set of 
extracted features that help to evaluate the 
distorted image quality; and No-Reference (NR) 
IQA, which aims to automatically predict the quality 
of distorted images without any knowledge of 
reference image. This work presents the 
construction and implementation of a NR-IQA 
process, where the extracted features are based 
on a combination of natural scene statistic in the 
spatial domain, gradient magnitude, Laplacian of 
Gaussian, and on spatial and spectral entropies 
[4]. These features are trained using machine 
learning methods to construct the used model to 
predict the perceived image quality. 

2. Features extraction methods 
The extraction of features in this work is based on 
four principal axes: natural scene statistic (NSS) in 
spatial domain, gradient magnitude, Laplacian of 
Gaussian, and finally spatial and spectral 
entropies. 
A. Natural scene statistic in spatial domain 
The extraction of the features based on NSS in 
spatial domain starts by normalization of the image, 
to remove local mean displacements from zero log-
contrast, and to normalize the local variance of the 
log contrast. The extracted features are composed 
of the symmetric and asymmetric parameters; 
where the asymmetric parameters are computed 
for four orientations. All the founded parameters 
are also computed for two scales. Finally, 17 NSS 
based features have been extracted. 
B. Gradient magnitude and Laplacian of 

Gaussian 
The second and third feature extraction methods 
are based on the joint statistics of the Gradient 
Magnitude (GM) and the Laplacian of Gaussian 
(LoG) contrast. These two elements GM and LoG 
are usually used to get semantic structure of any 

image. In this work, we have another usage of 
these elements as features to predict local image 
quality. 40 statistical features have been produced 
based on GM and LoG. However, many of them 
are highly correlated. So when using feature 
selection, only the independent features with the 
best correlation scores with the MOS are used, 
yielding 13 GM features and 09 LoG features. 
C. Spatial and spectral entropies 
Spatial entropy is a function of the probability 
distribution of the local pixel values, while spectral 
entropy is a function of the probability distribution 
of the local DCT coefficient values. 
The process of extracting the spatial and spectral 
entropies features from images consists of three 
steps: 1) the first step is to decompose the image 
into three scales: low, middle and high. 2) The 
second step is to partition each scale of image into 
8 x 8 blocks, and compute the spatial and spectral 
entropies within each block. 3) In the third step, 
pooling method is used to evaluate the mean and 
skew of blocks entropy within each scale. 
At the end of the three steps, 09 independent 
features are extracted from the images. 

3. Experimental results 
Having extracted the independent features, the 
next step is to construct the models, which 
automatically predict the perceived quality of any 
input image without the reference image, using 
machine learning (ML) methods. The construction 
process of the objective NR-IQA block essentially 
consists of training (with 70 % of data) and 
validation phases. 
Since the number of selected features is too big for 
one training (48 features), the used indirect 
process splits the training phase into three steps: 
1) The first step is to distribute the features into 
classes, depending on the axes of the extracted 
features. 
2) The second step tries to merge the features of 
each class in order to generate the appropriate 
intermediary metrics. The pooling process has then 
been carried out using different ML methods to 
create intermediary metrics M1, M2, M3 and M4 
respectively. Finally, regression tree (RT) ML 
method produced the best results and is used to 
construct the intermediary metrics. 
3) The third step is to use the four intermediary 
metrics in order to train ML models and derive the 
quality score estimators. 



 

RMS team - 82 

Table I presents the prediction performances of 
proposed process based on image quality 
assessment (IQA) models trained using TID2013 
IQA database. The design of IQA models here 
consists of two training steps. The first step uses 
regression tree approach in order to merge the 
quality features into four intermediary metrics; the 
second training step uses different ML approaches 
(regression tree (RT), fuzzy logic (FL), Non-Linear 
regression (NLR), support vector machine (SVM) 
and artificial neural network (ANN)) for predicting 
quality score from the corresponding set of 
intermediary metrics. 

Methods PLCC SRCC KRCC DCor 

FL 0,931 0,922 0,782 0,915 

SVM 0,850 0,849 0,696 0,840 

RT 0,894 0,890 0,747 0,880 

NLR 0,930 0,920 0,781 0,914 

ANN 0,931 0,921 0,783 0,915 

Table 1: Correlation between MOS and estimated MOS  
with TID2013 IQA database 

The best-perceived image quality model is 
constructed by means of the two successive 
training steps: the first that uses regression tree ML 
method, while the second uses fuzzy logic ML 
method. 

4. Implementation architectures and results 
Having produced the simulation results of the MOS 
estimator on Matlab, this section presents the 
implementation architectures and results on FPGA 
platform for the best estimator method: which use 
the extracted features to produce intermediary 
metrics, and then, these intermediary metrics are 
used to construct the estimated MOS. This 
implementation has been done with Xilinx Vivado 
and Vivado HLS tool, and is implemented on Xilinx 
Virtex 7 (VC707) platform. 
The architecture of the proposed implementation 
takes as input an image in AXI-Stream format, and 
produces its estimated score (MOS) as output. Five 
IP-cores divided in three groups have been 
implemented in HLS using C/C++ codes to 
evaluate the estimated score (MOS) of an image. 
The IP-cores in each group are executed in 
parallel. 
The first group is for the feature extraction. This 
group contains three IP-cores: NSS_Core, GM-
LOG_Core and SSE_Core; these IP-cores take as 
inputs an image as AXI-stream and the dimensions 
of this image: row and column sizes as integer; and 
produces as output 17 NSS features, 13 GM 
features and 09 LoG features, and 09 SSE features 
extracted in image, as a BRAM vectors. 
The second group is for the production of the 
intermediary metrics. This group only contains the 
regression tree (RT) IP-core that takes as input the 
previously extracted features in a suitable vector 

format to produce as output the intermediary 
metrics in floating-point format. 
The third and last group is for the production of the 
estimated score (MOS) of the image using the 
intermediary metrics. This group also has only the 
Fuzzy Logic (FL) IP-core that takes as input the 
four intermediary metrics produced by the 
RT_Core, and produces as output the estimated 
MOS in floating-point format, of the input image. 
Fig.1 presents: in graph a), the comparison 
between the subjective MOS in x-axis and the MOS 
derived by FPGA implementation in y-axis; and in 
graph b), the comparison between the Matlab 
estimated score and the FPGA estimated score in 
y-axis and the subjective MOS in x-axis. This figure 
also presents the correlation score between the 
score in x-axis and the estimated score in y-axis on 
each graph. 

  
 a) b) 

Figure 1: Comparison between MOS, Matlab estimated scores 
and FPGA implemented scores 

5. Conclusions 
In this work, we studied construction and 
implementation of an objective perceive image 
quality, using a no-reference IQA method. The 
produced process uses two training phases, the 
first to train the intermediary metrics with 
regression tree ML method, using the classes of 
independent features based on four axes, and the 
second to evaluate the image score with fuzzy logic 
ML method, using the produced intermediary 
metrics. The comparisons of the FPGA 
implementation results to the subjective MOS and 
to Matlab estimated results showed that this 
process is a reliable estimator of the perceived 
image quality. 
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1. Introduction 
The energy constraint is a major issue in Wireless 
Sensor Networks (WSNs) since battery cells that 
supply sensor nodes have a limited amount of 
energy and are neither replaceable nor 
rechargeable in most cases. A common assumption 
is that the energy consumed by sensors in sleep 
mode is negligible. With this hypothesis, the usual 
approach is to iteratively consider subsets of nodes 
that cover all the targets. These subsets, also called 
cover sets, are then put in the active mode whereas 
the others are in the low-power or sleep mode. The 
scheduling of the appropriate cover sets in order to 
maximize the network lifetime is a challenging 
problem known to be NP-hard. Lifetime optimization 
of autonomous cooperating systems requires 
parsimonious energy management. This implies an 
accurate assessment of the consumption in the 
system components, including energy expenditure 
in sensor/actuator nodes as well as in the RF 
transceivers embedded for wireless 
communication. These precision requirements 
involve taking into account the consumption of the 
network sensor nodes not only in the active phases 
but also in the sleeping and standby phases, for 
which the energy consumption is not always 
negligible. The consideration of non-zero energy 
consumption of sensor nodes in sleep mode is more 
realistic but significantly increases the complexity of 
the problem. We propose a greedy algorithm that 
gives priority to sensors with lowest energy, and 
uses a blacklist to limit the number of sensors 
covering critical targets. We also propose an 
analytical approach for ring connected arrays of odd 
size, that are known to be rather tricky when non-
disjoint cover sets are considered.  

2. The greedy algorithm 
Let r be the ratio between the energy in sleep mode 
P# and the energy in active mode P$, then r = P# P$ 
and r	 ∈ 	 0; 1 . Let t be a target covered by p 
sensors s., s0, … , s230 with respective energies 
E., E0, … , E230. We have shown that the coverage 
time D6	of the target t is maximal when the p sensors 
are activated according to the ascending order of 
their energies. 
Considering this result, we propose a new algorithm 
based on two main ideas. The first idea is to limit in 
every cover set, the number of sensors that cover 
the critical targets by defining a. blacklist. The 
blacklist contains all the sensors not yet selected 
and that cover a critical target already covered by 

the cover set under construction. A sensor is 
selected from the blacklist only when none of the 
sensors out of the blacklist covers the remaining 
targets. The second idea is to give priority to 
sensors with minimal energy since the coverage 
time of a target is maximal when the sensors 
covering that target are activated in the ascending 
order of their initial energies. We conducted a set of 
simulations to estimate the performance of this 
algorithm and compared it to existing algorithms of 
the literature. These algorithms include Greedy-
MSC [1], Static-CCF [2], Dynamic CCF [2], Adaptive 
algorithm [3], and MCS-based algorithm generating 
minimum size cover sets by using the classical 
greedy algorithm [4]. The metric used to measure 
the performance of each algorithm is the ratio 
between the network lifetime given by the algorithm 
and the upper bound of the network lifetime that is 
the maximal coverage time of the critical targets. 
Each algorithm tries to get a ratio close or equals to 
1. Simulation results (Figure 1 and Figure 2) show 
that the greedy algorithm performs very well 
whether the energy consumed in sleep mode is 
negligible or not and no matter the dispersion of the 
sensors’ energies, contrary to existing algorithms. 

 
Figure 1: Performance of different algorithms when r = 0.1  
and sensors’ energies follow a Gaussian law of standard 

deviation 500 

 
Figure 2: Performance of the new algorithm for different values 
or r when sensors’ energies follow a Gaussian law of standard 

deviation 500. 
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3. A solution for general ring connected 
networks 

We defined a family of instances of the Maximum 
Lifetime Coverage Problem, the family ℱ of ring 
connected networks defined as follows. An instance 
ℱ𝑛	of ℱ is a bipartite ring-connected network where 
𝑛 sensor nodes 𝑠0, . . , 𝑠; and 𝑛 targets 𝑡0, . . , 𝑡; 
alternate as illustrated in Figure 3. In such a 
network, each sensor covers exactly two targets 
and each target is covered by exactly two sensors.  

 
Figure 3: An instance ℱ𝑛 of family ℱ 

We proposed a solution for every instance ℱ𝑛, 𝑛 =
2𝑝 + 1, of family ℱ when the energy consumed in 
sleep mode is negligible or not (i.e. 0 ≤ 𝑟 ≤ 1). Let 
us consider the sequence 𝐶0, 𝐶C = 𝜎(𝐶0), …, 𝐶; =
𝜎(𝐶;30), where 𝐶0 is the minimal cover set 
𝑠0, 𝑠G, 𝑠H, … , 𝑠;30 	and 𝜎 is the permutation defined 

by 𝜎 𝑖 = 𝑖 + 1,	for 𝑖 = 1, … , 𝑛 − 1, and 𝜎 𝑛 = 1. 
Note that 𝜎 is an automorphism of the ring of order 
𝑛. The activation duration 𝐿𝑡L	of the cover set 𝐶L (for 
𝑗 = 1, … , 𝑛) is 𝐿𝑡L = 𝛾L ∗

P
QR
	, where 𝛾L ∈ 	ℝ∗.  

We considered the subclass of solutions where the 
battery of a sensor is exhausted after its last 
activation in a cover set. For each sensor 	sT, let us 
denote KT the index of the last cover set to which it 
belongs. With these hypotheses, the total energy 
consumed by sensor 	sT is P$ ∗ LtW ∗ (δTW + r ∗YZ

W[0
δ\]), where δTW = 1		if	sT 	 ∈ 	 CW and δTW = 0 otherwise. 
Indeed, the energy consumed by sensor sT during 
the activation of CW is equal to P$ ∗ LtW if sensor sT 
belongs to CW and is equal to r ∗ P$ ∗ LtW otherwise. 

Assuming that every sensor sT has no remaining 
energy after belonging to the last cover set, it is easy 
to check that we obtain the following system of 
equations:  

	 	

γW ∗ (δ0W + r ∗ δ0])Yb
W[0 = 1

γW ∗ (δCW + r ∗ δC])Yc
W[0 = 1

⋮
γW ∗ (δeW + r ∗ δe])Yf

W[0 = 1

 (1) 

 

The solution (γ0, γC, … , γe) of the system of 
equations (1) is: γT = 	

0
2g0 g	h∗(230)

 for i = 1, … , n − 1, 

and γe = 	
03h

2g0 g	h∗(230)
. 

Let 𝛼 = 0
2g0 g	h∗(230)

 . Each sensor belongs to p + 1 
cover sets. The last cover set containing a sensor is 
either Ce30 or Ce. If the last cover set containing a 
sensor is Ce30, then, after the activation of Ce30, its 
battery has consumed α p + 1 + r ∗ p − 1 ∗
E = E. As a consequence, its battery is exhausted 
after its last activation. If the last cover set 
containing a sensor is Ce, then after the activation of 
Ce, its battery has consumed α p + 1 − r + 	r ∗
p ∗ E = E, hence its battery is exhausted after its 
last activation. 

The network lifetime of this solution is ∆=
e3h

2g0 g	h∗(230)
∗ m
no

. We showed that this solution is 
optimal for n = 3, and we conjectured that it is optimal 
for every instance ℱn	, n = 2p + 1, of family ℱ. 
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1. Introduction 
Information and Communication Technologies (ICT) 
have undergone enormous evolution in recent 
years. These changes have led to significant 
improvements in many application fields such as 
health care, education, commerce,... Automation is 
considered one of the most important sectors which 
has remarkably been developed thanks to the ICT 
revolution. For example, almost all digital devices, 
used to control automated electromechanical 
systems are nowadays based on sophisticated 
small microcontrollers instead of hard wired logic 
components (such as relays, cam timers, drum 
sequencers), that contribute explicitly to save time, 
energy, materials and money. Despite all these 
available advantages, sustainable development 
applications are slow to benefit from these to solve 
some implementation problems, such as energy 
and water distribution issues. The objective of this 
study is to design and implement energy control 
strategy for water supply problem in mountain 
villages as well as in city buildings having many 
floors. 

2. Multiple energy sources control for water 
supply 

The use of multiple water supply sources is a 
feasible solution allowing to face the recurring 
interruptions of urban water supply services. There 
are, however, a number of problems: some sources 
(wells/drillings) require electrical energy to operate. 
This energy can itself even be available in several 
possibilities including classical urban energy 
distribution as well as local sustainable sources. 
However, whether water or energy sources, their 
costs differ from one another. A management 
strategy must therefore be implemented to select 
available sources that are least costly at each 
operating time. 
The importance to invest on renewable energy 
sources is highlighted (such as solar energy, wind 
energy,…) to permanently improve the availability of 
water [1]. Optimization methods can be useful in a 
context of household for minimizing energy 
consumption and to reduce leakage in a water 
distribution system (WDS) in a hydraulic context. A 
model of multi-criteria optimization for energy 
efficiency has been presents in [1]. But none of the 
existing methods presents the operational way of 
handling the issue of energy and water sources 
management. 
The goal of our proposal is to find solution that 
combines sustainable solutions and the advantages 

of ICT tools in order to realize a complete and 
autonomous system for water and power supply, 
with a particular emphasize on saving energy. This 
involves the establishment of appropriate pumping 
mechanisms and an efficient process of switching 
between energy sources. The smart system should 
guarantee the continuous providing of water to 
households, and automatically switch between 
several water and power resources according to the 
source availability and the service costs. 

3. Architectural structure 
There exists many possible architectural structures 
for that problem, presenting different gain of energy. 
They depend on many factors: the number of tanks, 
the position of tanks with respect to floors, the 
pumping mechanisms. Whatever be the case, the 
final aim is to choose an architectural structure 
permitting to guarantee the supplying of every floor 
of the building while reducing considerably or 
minimizing the pumping energy consumed. 

Generally, we may have any number 𝑘 of tanks. In 
the case where there is only one tank (𝑘 = 1), that 
tank should supply water in all the floors of the 
building, which means that it would be situated 
above all the floors. It is then possible that the 
rainwater is not collected due to the position of that 
tank, which is relatively above the roof. However, if 
the rain water is not used, this leads to the loss of a 
very important source of water of relatively zero 
cost. The rainwater will be collected in a tank near 
the roof to allow the supply of any level of the 
building with zero energy. 
When there are many tanks, every floor of the 
building could have its own tank. But if each of 𝑚 
floors has its own tank, it necessitates 𝑚 tanks. This 
is costly since the cost of installation will be very 
huge unnecessarily. It is advantageous to group the 
floors in blocks to supply them with the same tank. 
Let 𝜈 be the number of floors supplied by each tank 
(for example 𝜈 = 3 on Figure 1). 𝑘 = '()

*
 is the 

number of tanks to supply the (𝑚 + 1) floors of the 
building. Hence, every tank 𝑖 is preferably supplying 
the floors 𝑖 − 1  , 𝜈 𝑖 − 1 + 1, 𝜈 𝑖 − 1 + 2, …, 
𝜈×𝑖 − 1, that are directly below that tank. It avoids 
waste of energy, because the water present in that 
tank may be probably pumped since the tanks that 
are at the bottom. 
It would be possible (when there is a need) to drive 
water from a tank to another. If the tank from which 
water is convey to the other one is above, none 
energy is necessary. 
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To summarize it, we present on Figure 1 a generic 
architecture the floors supplied by tank with 𝑇3 

Every 𝑉𝑇3 is the valve opening water from the tank 
𝑇3 to the tank 𝑇35), 𝑖 = 2, 3, … , 𝑘. 

𝑉𝐹3 is the valve opening water from the tank 𝑇3 to 
the corresponding floors, 𝑖 = 1, 2, 3, … , 𝑘. 

𝑆𝑃3 is the surface pump pumping water from the 
tank 𝑇3 to the tank 𝑇3() corresponding floors, 𝑖 =
1, 2, 3, … , 𝑘 − 1. 

 
Figure 1: Schematic of an intermediary tank 

4. Low cost devices for controller synthesis 
In the IEC 61131-3 standard, there are five IEC 
standard programming languages [2] allow 
engineer to specify the operation of discrete event 
systems, even those who are more complex. 
However, they do not allow a direct realization on 
different control target devices like microcontrollers 
or FPGA. The objective here is to build an 
appropriate software tool that takes in input any 
PLC control program and treats it by successive 
refinements to produce an implementation on 
different types of targeted programmable devices. 
Because microcontrollers are not designed to 
survive in perturbed environments, another aim is to 
generate control codes that can detect and correct 
transitory errors that could occur in memory. 
Several research studies have been occurred in 
order to find appropriate techniques which allow 
synthesizing any PLC control specification code and 
converting it to other executable programs (such as 
C, Fortran, VHDL) adapted with different hardware 
architectures [1], with a particular focus on the 
Grafcet model. 
Therefore, carried out a novel software tool that can 
automatically convert any Grafcet specification 
sharp to bin-stream module and deploy it on any 
economic microcontroller, especially those of the 
Microship DsPIC, and Arduino family. The tool takes 
in entry the system functional requirements given in 
a Grafcet form. In effect, The Grafcet, one of the five 
IEC standard programming languages of IEC 
61131-3, is a graphic language for modeling 
automated systems. It is the most international 
formalism used for high-level description of complex 
sequential systems [1]. This language is widely 
used in several domains such as home automation, 
automotive, power generation, manufacturing, 
environment, etc. It allows the specification of the 
expected behavior of a logic control system which is 
connected to a physical system with which it 
interacts, receiving logic signals that describe the 

physical environment and sending in response 
other signals in form of orders to serve as actions 
on that environment. 
A Grafcet (program written in Grafcet language) is a 
graph that consists of two types of nodes: steps and 
transitions. A step is represented by a square, while 
a transition is represented by a horizontal line. The 
initial steps have a double square. Directed edges 
are necessarily used to connect steps to transitions 
or transitions to steps. Each step may be associated 
with several actions which represent the outputs of 
a Grafcet graph. An action is symbolized by a 
rectangle which is connected to a step. The same 
action can be connected to many steps and it 
becomes true if at least one of those steps is active. 
Some elements are used to separate structurally 
steps and transitions: "junction AND", "junction OR", 
"distribution AND" and "distribution OR". 
We are also studying the synthesis using other PLC 
programming languages (LADDER, FBD ST) of the 
IEC 61131-3 standard. In fact, Grafcet or SFC can 
be used to structure a complex program written in 
the other languages of the same standard. 
This tool is realized through a Model Driven 
approach. A Grafcet metamodel is used to describe 
the Grafcet language. As intermediate model, we 
have developed a Grafcet Matrix Model [4] that is a 
form of a low level Grafcet metamodel. It describes 
in a mathematical way all the necessary data 
structures for Grafcet realization. In order to 
address any µC, we use Feature Model Design 
techniques to express and implement targets 
characteristics. Figure 3 shows the feature model 
presenting the main characteristics of the μC to 
which we are interested when synthetizing control 
programs. 

 
Figure 2: Feature Model of µCs 

Given a grafcet specification of any logical control 
system, the synthesis process can be split into 
multiple steps broadly described on Figure 2. They 
are: Functional Design Specification (FDS) of the 
system, the design of the Grafcet model, the use of 
the GrafcetConverter tool and Integrated Circuit. 
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Designing a Multi-Processor System-on-Chip (MPSoC) implies a lot of knowledge specifically when the 
software interacts with the hardware in terms of architecture and tools. This domain is usually called 
hardware/software (HW/SW) interfaces. 
The long-term expertise acquired in the last 10-15 years in this HW/SW interface domain leads to deep 
scientific and technological breakthroughs: Device driver generation, software task migration in multi-tile 
architecture, Network-on-Chip (NoC) based systems, and traces analysis. 

 

1. Optimization of Synchronization barriers in 
Multiprocessor architecture 

Providing high-performance synchronization 
mechanisms is a key issue to leverage hardware 
parallelism offered by MPSoCs. The study 
foccuses on the synchronization barrier 
mechanism and the impact of hardware contention 
for shared memory clustered MPSoC. 
Based on a real implementation of the TSAR 
platform on Veloce2 Quattro emulator, we have 
developed a non-intrusive tool-chain in order to 
observe certain internal signals. We implemented 
a spy module in the platform to extract at runtime, 
by this side channel, useful signals like processors 
program counters and registers. Hence software 
execution is not impacted by the signal extraction, 
which occurs only on the hardware side. Extracted 
signals are dumped into files. The content of these 
files is then processed by different tools that 
analyze signal values and provide relevant 
information of time spent in the studied 
mechanisms. Leveraging accurate non distorted 
timing measurements, this tool-chain generates 
time annotated function calls stack and cross-
processors timing analysis exposing 
synchronization mechanisms slowdowns in 
realistic working condition. 
With this methodology, we have identified 
hardware modules restrictions and Linux kernel 
sub-optimal services both in active and passive 
wait processes. We show how the introduction of 
delays in the thread awakening process improves 
the overall synchronization mechanism. We have 
provided a combined HW/SW optimization. For the 
passive wait, our proposal provides a 60 % gain for 
64 threads running on a 64-core architecture, and 
about 85 % gain for active wait on 16 and 32-core 
architecture. 

2. HW/SW interface redefinition 
Systems-on-a-Chip (SoC) are more and more 
important in computing systems, with the 
integration of the various subsystems becoming 
the number one challenge. 

Albeit the integration techniques have evolved 
drastically in the last decade, the definition of the 
frontier between peripheral devices and the kernel 
of the operating system, structuring how 
input/output operations occur at runtime, has 
remained mostly unchanged since the very first 
days of computers. 
However, we believe that there is value in revisiting 
this frontier; we propose a simple idea: have each 
driver run on the device it controls, and exchanging 
information not through a complex set of accesses 
to registers, but through simple sequential 
messages à la USB. 
The immediate benefits are increased performance 
and lower power consumption by better exploiting 
the inherent parallelism available in the SoC. 
Additionally, devices will host and run their own 
drivers, which is beneficial to device makers: they 
can deliver an out-of-the-box solution combining 
the software driver and the hardware device. 
In particular, each driver is written only once and 
can be updated independently of the official OS 
releases, thus increasing robustness and 
shortening time-to-market. 
As a side effect, we can expect that kernels will be 
greatly simplified and more robust, as drivers are 
no longer part of their codebase, ultimately greatly 
simplifying and improving virtualization techniques. 
As a first step, we have studied this year the 
applicability of this proposal to FPGA devices. 
Given the large amount of IP and the need for 
supporting them in operating systems, we have 
designed and developed a hardware wrapper that 
translate messages to the IP into a set of register 
access to evaluate the hardware and 
performances costs. As a preliminary result, both 
area and performances are minimally impacted. 
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Reconfigurable architectures, such as FPGA, are 
commonly used in research activities for a wide 
range of applications. During the report period, the 
SLS team has mainly conducted its research on the 
virtualization of reconfigurable architecture and on 
the use of FPGA prototype to demonstrate 
innovative application-specific accelerators. Both 
research activities are presented in the following 
sections.	
1. Enabling context switch on reconfigurable 

system 
To provide better computing efficiency, in terms of 
execution time, power consumption and area in a 
given technology, MPSoC architectures often 
integrate application-specific processors (IP). The 
nature and number of these dedicated hardware 
tasks are limited and have to be set up at design 
time. The reconfigurable computing paradigm 
gives the opportunity to a virtually infinite hardware 
task pool.	
Typical reconfigurable systems are based on a 
fabric of cells (chunk of hardware resources, which 
can be dynamically reconfigured to host a 
hardware task while the rest of system is still 
running and computing), an interconnect, CPUs 
and an operating system. Thus, by time-
multiplexing the reconfigurable cells, a 
reconfigurable system can tend towards better 
performance that heterogeneous one, while 
preserving flexibility. In spite of their tremendous 
potential, reconfigurable systems still fail to 
convince application programmers.	
One key reason is the cooperative multitasking 
typically used in reconfigurable systems to relax 
integration constraints of hardware tasks, while 
preemptive multitasking is the norm elsewhere. In 
preemptive multitasking, the operating system can 
start, pause and resume tasks at demand. In order 
to satisfy system demands, tasks have to rely on 
the context-switch technic.	
In this work, we have proposed a high-level design 
flow, that automatically generates hardware tasks 
with context-switch ability from a C description. The 
design flow manipulates the intermediate 
representation of a High-Level Synthesis (HLS) 
tool to build the context extraction mechanism and 
to optimize performance for the circuit produced. 
The method is based on efficient checkpoint 
selection and insertion of a powerful scan-chain 
into the initial circuit as illustrated Figure 1. 

 
Figure 1: Proposed design flow 

The first step of the method consists in selecting 
good execution points, called hardware 
checkpoints, to perform a context switch on a 
reconfigurable resource. The obtained selection 
ensures that the context switch mechanism will 
respect the latency demanded by the system and 
tries to minimize the mechanism costs. The 
checkpoint selection method relies on a static 
analysis of the finite state machine of a circuit, 
accessible through the intermediate representation 
of the HLS tool.	
This scan-chain insertion step manages the 
extraction of flip-flops or memory content, involved 
in the previous step. Experiments with the system 
produced show that it has a low hardware 
overhead for many benchmark applications, and 
that the hardware added has a negligible impact on 
application performance. Comparison with current 
standard methods highlights the efficiency of our 
contributions. The prototype tool, called CP3, is 
open-source.	
An extension of this work to enlarge its usefulness 
consists in the communication consistency 
management. Indeed, the previous work has a 
strong hypothesis: all the input data has been 
consumed by the IP and all produced data has 
been consumed. This new work deals with the 
management of all unconsumed data when the 
context switch happens. A small new piece of 
hardware is added in the context extraction 
component to extract as well all the unconsumed 
data in the input and output FIFOs. In the same 
time, the management of data producers and 
consumers are informed of the changes. This is 
done to be as transparent as possible for the user.	
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2. Hardware acceleration for mining frequent 
Item set on streams 

Extracting information from huge unorganized data 
has taken an increasing importance in the last 
decades. This information extraction takes place in 
a context in which more and more data sources are 
data streams, i.e. the data is produced by a 
continuous and uninterruptible source, leading to a 
virtually infinite amount of data.There exist many 
algorithms to extract specific patterns from data 
batches, such as frequent occurrences, 
association rules, etc. However, many algorithms 
require the ability to store the entire data set in 
order to scan it several times, in an unconstrained 
processing time.	
In this work, we focus on the a priori algorithm, the 
seminal frequent item set mining algorithm, 
because it requires few or no preprocessing steps 
and exhibit a high level of fine grain parallelism that 
can be efficiently used by a specialized hardware 
device. We specified and implemented a parallel 
support counting accelerator. We tuned it using 
specific placement directives allowing us to reach 
a global LUT usage of around 90 %. 
Our accelerator is implemented on a VC709 board 
(Xilinx), that support the PCIe standard, so that all 
our experimentations, conducted using the FIMI 
data set, take into account the whole path from the 
PC to the hardware. 
We compared our implementation to the most 
efficient software implementation available today 
(LCM), and to the Micro Automata Processor board 
(AP). Depending on the dataset, we reach gains of 
2.8x compared to LCM, and gains of above 12x 
compared to Micron’s circuit. In all cases, we were 
much more energy efficient, the AP consuming at 
worst 192W when the FPGA was consuming 24W. 

3. FPGA integration in heterogeneous 
architectures 

As the evolution of programming environments 
towards heterogeneous programming mainly 
focuses on CPU/GPU platforms, hardware 
accelerators on FPGA are still difficult to exploit 
from a general-purpose parallel application, 
despites its energy efficiency.	
To improve portability, we are extending the 
standard parallel programming environment 
OpenMP to support FPGA. We implemented a 
software framework that enables some computing 
kernels of an OpenMP application to run on a wide 
variety of FPGA boards with very little effort from 
the application programmer. The framework 
architecture is depicted on Figure 2. 

4. Ternary neural networks 
Deep neural networks are requiring a lot of 
computation and storage resources. To alleviate 
this, we are advocating the use of ternary weights 
and low bit representation of data. A cooperation 
with LIG has led to the definition of a new training 

approach in which all weights are ternary and all 
activations are ternary, the input data being 8 bit 
wide. 

	
Figure 2: HEAVEN software framework 

This training approach, based on a new usage of 
the teacher/student strategy, leads to relatively 
small degradation as compared to the state of the 
art on academic benchmarks (we tested image 
classification for CIFAR10/100 and GTRSB), but 
with a need for resources order of magnitude 
smaller than usual floating point approaches. 
We developed an architecture supporting different 
parallelism levels with small memory cut, leading to 
a very high-throughput in terms of frame per 
second, and with low latency. The goal of this 
architecture is to have all weights on-chip, so that 
power efficiency is excellent, since there is no need 
to access an external DRAM. 
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1. Fast simulation strategies 
Simulation of large scale integrated multiprocessor 
platforms is a long lasting theme of the SLS group. 
This work is of primary necessity as the number of 
processors in integrated circuits is rising, and 
therefore the simulation times are increasing 
constantly. Current manycore systems contains 
tenths or even hundreds of processors, usually with 
a VLIW architectures (e.g. Tilera TileGx72 or 
Kalray MPPA256) for a high performance per watt 
ration. As a result, the execution of the software on 
Instruction Set Simulators during simulation 
(making the processor the ultimate hardware/ 
software interface) is not viable anymore. 
During this year, we have kept on working on 
dynamic binary translation. Our first focus was on 
support of VLIW architectures, for which to the best 
of our knowledge no previous approach was 
published. We devised an approach to handle 
delayed updates of registers, due to non-unit 
assumed latency functional units. To limit the 
impact on simulation speed, all that was possible 
to do at translation time was done. However, some 
specific behaviour required action to be taken 
during the execution of the translated basic block, 
for example branching. At the end of the day, we 
were able to demonstrate the feasibility of the 
approach on a subset of the C6x instruction set 
under the QEMU dynamic binary translator [1]. The 
second path we follow was dedicated to 
accelerating simulation per see. Our idea stems 
from the fact that the simulation of the logical to 
physical address translation takes a non-negligible 
part of the simulation time. This is due to two 
factors: a) load and store are done using helpers, 
i.e. functions that are called to perform a complex 
action instead of being inlined, and b) the actual 
translation can be very complex. It has a fast path 
that searches within a hash table caching the most 
recent translations, and a slow path traversing the 
target page table structure to retrieve the 
translation. The principle of our idea is to translate 
the target load or store directly into a host load or 
store (technically, one more load is necessary in 
both cases) and use the hardware assisted 
virtualization support to build our own page tables 
mapping the target address space into the 
appropriate region of the host address space. Our 
experiments with bare metal software show a 

speedup of from a few percent to up to 40 % for 
certain applications [2]. 
We have also continued our work on native 
simulation making use of the hardware assisted 
virtualization support available on modern 
processors. We were the first to point out in 2009 
that the control flow graph (CFG) of code compiled 
on the target processor was not isomorphic to the 
CFG of the same code compiled on the host 
processor, making therefore timing estimates 
during native simulation at best a wild guess. 
Thanks to the fact that most compilers use an 
intermediate representation on which most of the 
non-machine dependent optimizations are done, 
we defined an approach which does an 
approximate mapping between a fully optimized 
target CFG and the partially optimized host code in 
intermediate representation. To that aim, we had to 
study aggressive compiler optimizations such as 
loop unrolling and code motion. We defined an 
algorithm to map basic blocks of the intermediate 
representation onto basic blocks of the optimized 
binary, and back-propagate the relevant 
information into the intermediate representation 
basic blocks, or even restructure the intermediate 
representation control flow graph so that the 
execution of the C generated view of the 
intermediate representation is fully faithful to the 
execution of the binary in terms of traversed basic 
blocks. This focus on loop is particularly important 
as any error in a loop is replicated by the number 
of iteration of the loop [4].	

2. Using simulation for software performance 
improvement 

The goal of this research, done in cooperation with 
STMicroelectronics, is to help optimize software 
performance during hardware/software integration, 
by using simple metrics such as processor stalls 
and transactions latencies. To than aim, pretty time 
accurate simulation models are required since the 
effects of pipeline stalls, cache misses, memory 
contention and so on are very dependent on the 
moment at which they occur. Although very time 
consuming, we choose to use a cycle-accurate/bit 
accurate model of the processor and its 
environment, obtained from the VHDL description 
thanks to a commercial tool. Using this model, 
stalls due to the non-availability of data into 
registers are identified, allowing to compute a 



SLS team - 92 

prefetch distance at which a prefetch instruction 
could be added to limit stall latency. Note that we 
consider here superscalar processor in which the 
instruction that stall is not the load instruction, but 
the instruction that consumes the register that is 
the target of that load. Trace analysis is necessary 
to identify which instructions are responsible for the 
stalls. 

3. Memory hierarchy evaluation and design 
Cache coherence has been a long lasting subject 
in computer architecture. With the emergence of 
integrated massively parallel machines, this 
subject is regaining importance, as the available 
throughput on network-on-chip is much higher than 
the one available on circuits that were previously 
implemented on different boards or on multi-chip 
modules. 
In cooperation with CEA-LIST, we worked on a new 
sharing list management strategy for cache. The 
sharing list is a set of meta-data that each 
L2/L3/LLC cache maintains to know which lower 
level caches have a copy of a given memory line. 
As the number of processor grows, the size of 
these meta-data becomes just too large. To limit 
this size, many proposals have been developed. 
However, we believe it is possible to be more 
scarce on data while being at least as efficient in 
term of performances. For that, we developed a 
new representation that is constituted by a 
rectangle, whose size and share can vary 
dynamically, and of a list stored in a shared heap. 
The idea is to cover as much sharers as possible 
with the rectangle and store the outliers in the list. 
This list has a maximum size, and when the list 
overflows, in last resort, we use broadcast. 
Experiment on architecture with up to 64 cores 
show that the approach is competitive in terms of 
performance with the state of the art, and that is 
scales better in terms of resource requirements. 
A second line of research, done in cooperation with 
the LIP6 lab in Paris, aims at introducing support 
for Network-on-Chip virtualization, allowing the 
implementation of a set of logical networks on top 
of a physical network. We call this virtualization 
since its goal is similar for network to the goal of 
processor virtualization. The technique leverages 
the Elevator First routing algorithm that we 
introduced a few years ago, by giving the user of a 
planar network, for example, the access to the 
topology of a cube. These virtual networks can be 
used for running independent applications and 
guarantying that their traffic will stay independent 
(from a functional point of view). It can also be used 
to support several traffic classes within a system. 

In that context, we devised a new cache coherence 
protocol implementation which uses the virtual 
network to share data between all caches at a 
given level, saving resources while still providing 
the traffic independence and thus the deadlock and 
livelock freeness properties of the underlying 
algorithms [5]. 

4. Traces analysis 
Following many years of work around trace 
analysis, we focused this year on the analysis of 
traces to detect errors in cache coherence 
protocols, either hardware or software ones. The 
idea is to gather execution traces from a 
multiprocessor execution, typically using Rabbits 
(a QEMU+SystemC environment), SoCLib or 
Gem5. Then we analyse these traces using 
automata to check that at no moment a non-up-to-
date memory access could have occurred. This is 
a bit harder than checking that no staled memory 
access occurred, as we need to move backward 
and forward in the trace to identify the earliest 
moment a data is written, and the latest moment at 
which it can be read, depending on the instructions 
being executed on the processors and the state of 
the memory hierarchy. We designed verification 
automata for write-through and write-back caches, 
taking as serialization points accesses by several 
caches to the same upper level cache or memory. 
To demonstrate the interest of the approach, we 
ported the Splash2 benchmark on a cache-non-
coherent machine, like, i.e., a tile of the Kalray 
MPP256. We then ran the program as is and 
identified cache coherence violations that we 
corrected by software by either forcing writes to 
memory or invalidation of a line before reading its 
content. 
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1. Adaptive Sampling in 3D SPECT Imaging 
SPECT imaging is a nuclear medical imaging 
modality which relies on the reconstruction of the 
observed body from the detection of gamma 
photons. In the CEA-DTBS system, the CdZnTe 
detectors, grouped in in an array, called a head, 
allow to measure the direction of the incoming 
gamma rays. The grid collimators in front of each 
of the heads allow to further increase the 
resolution. 
The studied system [1, 6] is built of several moving 
heads focused to the active parts of the body 
thanks to the adaptive sampling system. The latter 
is accomplished with innovative on-line 
reconstruction algorithms. 
The investigations showed that instead of brute-
force hardware accelerated reconstruction of the 
full data set, it is more interesting to reconstruct the 
3D data as the gamma rays are detected.	
As the system is validated with a single head, the 
next step is to build a fully adaptive SPECT 
camera. 

	
Figure 1: The CnZnTe Adaptive SPECT camera 

2. Data Management for Image Processing 
Image processing algorithms have some very 
specific memory reference patterns because of the 
natural use of arrays to represent images. Then, it 
is interresting to design prefetcherx that exploit this 
specificity. In this thematic, both static, ie off-line, 
optimized prefetcher and on-line, ie hardwired, 
prefetchers are studied. 
On-line Adaptive Prefetching 
To guess the next memory reference even in 
presence of irregular fetch sequence, the patented 
HYP prefetcher [7, 10] relies on the Kolmogorov-
Smirnov Hypothesis test (KS test). This very new 

strategy allows the dynamic adaptation of the 
prefetcher's internal parameters without a prior on 
the fetch sequence model. Indeed, with classic 
prefetchers, some fixed parameters of some pre-
designed model have to be set, which reduce their 
portability. The HYP prefetcher learns the fetch 
sequence characteristics on-line and follows its 
evolution. The idea is to make the assumption that 
the probability distribution CDF – Cumulative 
Distribution Function- of the deltas of the fetch 
sequence evolves relatively slowly. HYP measures 
the probability distributions of both a current 
observation window and a previous window. The 
data to prefetch is the one which maximise the KS 
hypothesis test between the two distributions. 
Adaptivity is enabled by automatically setting the 
size of the observed windows.	

	
Figure 2: The patended HYP prefetcher 

Conjoint Scheduling and Prefetching Optimization 
When image processing kernel's schedules do not 
depend on the data values, then it is interesting to 
optimize the prefetching off-line, at compile time for 
example. In this thematic, Operations Research is 
at the heart of the prefetcher's optimization. When 
the kernel's memory reference do not follow a 
linear law along the loop indexes, then standard 
linear optimizations are helpless. In this work, the 
multi-objective optimization problem of prefetching 
tiles of data to compute output tiles produces by the 
kernel is formalized. The new formalization [2, 4, 5, 
8, 9] allowed to make the link between this problem 
and known Operations Research problem. Then a 
very new optimization strategy was proposed to 
reduce the number of loaded tiles at constant 
embedded memory amount, namely the KTNS 
“Keep Tiles Needed the Soonest” strategy. These 
strategies are highly valuable when the references 
follow non-linear laws. When it comes to standard 
linear kernels, standard commercial HLS tools are 
near optimal. 
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3. High Performance Hardware Panorama 
Stitching 

Panorama Stitching aims at gathering images from 
multiple video cameras to form a single image that 
covers a wider field of view than individual 
cameras. It is performed with algorithms that 
performs non-linear mapping of all the images to 
the final geometric space of the produced image. 
In this work, the produced image is mapped to the 
spherical coordinates by considering a perfect 
stitching at a long range focus. As shown figure4, 
in the designed FPGA prototype [3], the images 
come from MIPI-CSI micro camera modules as 
found in mobile phones. Real time stitching is 
performed with as little as 6 % of the FPGA 
resources. The algorithm was implemented by a 
commercial HLS tool.	
The next step is to add geometry and gain auto-
calibration to the system. The auto-calibration will 
be partitioned between hardware and software. 
Also, real-time multi-band blending, to smooth the 
transition between cameras, is the new challenge 
to face.	

4. Nano-satellite OBC 
At CSUG, this field of expertise contributes to the 
design of the ATISE OBC of a student nano-
satellite for auroral spectral analysis. The proposed 
electronic design based on hardened Xilinx Zynq 
hardwarre/software platform has been validated by 
the CNES Janus Program and its implementation 
is on the process.	

5. Efficient Deep Learning & CNN 
This new research topic concerns the design of 
both new deep learning training process and 
efficient execution of network inference at the 
software and hardware multi-processor 
architecture. Conducted with ST-Microelectronics 
with two PhDs, this new research encompasses all 
the aspects of deep learning in order to prevent 
counter-productive too-specific optimization and 
envision a coherent and balanced strategy.	

	
Figure 3: The prototype real-time  
FPGA panorama stitching engine 
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36. POPESCU, Andrei 
Title of thesis: On control approaches for estimation purposes - Application to tunneling current in 
MEMS 
Expected date of defense: 2019 
Previous degrees: Engineer 

37. RAMOS, Pablo 
Title of thesis: Methodology for error rate prediction of applications implemented in multicore processors 
Completed on: April 18, 2017 
Previous degrees: Master, Engineer 

38. RENDON HERNANDEZ, Adrian 
Title of thesis: Piezoelectric microgenerator thermo-magnetically triggered for sensors autonomous 
nodes 
Expected date of defense: 2018 
Previous degrees: Master (2012) 

39. REYNAUD, Vincent 
Title of thesis: Secured access to IEEE 1687 test resources and lightweight crypto-processors in the 
IoT context 
Expected date of defense: 2020 
Previous degrees: Engineer 

40. ROLLOFF, Otto Aureliano 
Title of thesis: Standard cells and control structures for performance management of asynchronous 
circuits in FDSOI technologies 
Expected date of defense: 2018 
Previous degrees: Master (Brasil) 

41. SENTHAMARAI KANNAN, Kalpana 
Title of thesis: Performance and Safety/Security Management in automotive and IoT applications 
Expected date of defense: 2020 
Previous degrees: Master 

42. SHAH, Riddhi 
Title of thesis: HiRel Product Demonstration by Dynamic Wearout Management 
Expected date of defense: 2020 
Previous degrees: Engineer 

43. SILVEIRA FEITOZA, Renato 
Title of thesis: Desigh-for-test strategies for built-in static test of high-performance SAR ADCs 
Expected date of defense: 2020 
Previous degrees: Engineer 

44. SIMATIC, Jean 
Title of thesis: Design flow for ultra-low power 
Completed on: December 7, 2017 
Previous degrees: Engineer (2014) 

45. SIVADASAN, Ajith 
Title of thesis: High level reliability simulations for digital electronic systems 
Expected date of defense: 2018 
Previous degrees: Master 

46. TAKAM TCHENDJOU, Ghislain 
Title of thesis: Performance monitoring and errors reconciliation in image decoders 
Expected date of defense: 2018 
Previous degrees: Master 

47. TCHUANI TCHAKONTE, Diane  
Title of thesis: Minimization of energy consumption of sensor networks in target coverage applications 
Expected date of defense: 2018 
Previous degrees: Master (2011) (Cameroon) 
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48. TERRAS, Lydie 
Title of thesis: Audit processor for safe and secure embedded systems 
Expected date of defense: 2018 
Previous degrees: Master 2 (2014) 

49. TMIMI, Mohammed 
Title of thesis: Novel approach for serial data link in 28 nm CMOS FDSOI and beyond 
Expected date of defense: 2020 
Previous degrees: Master 

50. VARGAS VALLEJO, Vanessa 
Title of thesis: Software approach to improve the reliability of parallel applications implemented on 
many-core processors 
Completed on: April 28, 2017 
Previous degrees: Master (2007), Engineer (2002) 

51. WICAKSANA, Arief 
Title of thesis: Portable infrastructure for heterogeneous reconfigurable devices in a cloud-FPGA 
environment 
Expected date of defense: 2018 
Previous degrees: Engineer (2015) 
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Other members of TIMA 
Post-doctoral position – Engineers – Experts – Teaching Assistants 

Name Forename Position Team 
1. ABBASS Hassan Postdoc CDSI 
2. AL KHATIB Chadi Postdoc RMS 
3. ALHAKIM Rshdee Expert RMS 
4. BONNOIT Thierry Postdoc RIS 
5. BOUESSE Ghislain Expert RIS 
6. BOURGE Alban Postdoc SLS 
7. CHERKAOUI Abdelkarim Postdoc CDSI 
8. COULON Jean-François Contracted Engineer AMfoRS 
9. DARWISH Amani Postdoc CDSI 
10. FRAIRE Juan Postdoc RIS 
11. IGA JODUE Rodrigo Contracted Engineer CDSI 
12. JEMAI Ahmed Postdoc CDSI 
13. KINSICLOUNON Bienvenu Contracted Engineer CDSI 
14. MIALLAND Adrien Contracted Engineer CDSI 
15. PROST-BOUCLE Adrien Contracted Engineer SLS 
16. RAUPP DA ROSA Thiago Postdoc AMfoRS 
17. SKAF Ali Expert CDSI 
18. SOLINAS Miguel Engineer RIS 
19. TRIOUX Emilie Postdoc CDSI 
20. VATAJELU Ioana Expert AMfoRS 
 

Visitors 
Name Forename Country Duration 

1. CLEMENTE Juan Antonio SPAIN 2 months 29 days 
2. COULON Jean-François FRANCE 3 months 14 days 
3. DESCHAMPS Clément FRANCE 12 months 
4. DI NATALE Giorgio  ITALY 14 days 
5. ELISSATI Oussama MOROCCO 16 days 
6. FERRARI Vittorio ITALY 27 days 
7. GINES ARTEAGA Antonio Jose SPAIN 4 days 
8. HUSAK Miroslav CROATIA 4 days 
9. LEE Joshua SINGAPORE 20 days 
10. LEGER Gildas FRANCE 4 days 
11. MICHEL Luc FRANCE 12 months 
12. NDIAYE Ababacar SENEGAL 1 month 25 days 

13. SKAF Ali SYRIAN ARAB 
REPUBLIC 9 months 6 days 

14. ZELOUFI Mohamed FRANCE 1 month 8 days 
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Trainees 
Name Forename Country Duration Team 

1. BELALTA Youcef ALGERIA 2 months 23 days AMfoRS 
2. BELGHITH Nassereddine TUNISIA 6 months CDSI 

3. BENALLEL Mohamed 
Amine ALGERIA 2 months 23 days AMfoRS 

4. BOULKHEIR Mohamed MOROCCO 3 months 27 days RMS 
5. BRIGNON Enzo FRANCE 1 month 27 days AMfoRS 
6. CANESTRARI Christophe FRANCE 1 month 13 days SLS 
7. CARRIQUIRY Aurélien FRANCE 5 months 28 days CDSI 
8. CHEBIL Achref TUNISIA 2 months 9 days CDSI 
9. CUNHA CARNEIRO Luana Patricia  BRAZIL 5 months SLS 
10. DE ARAUJO CAVALCANTE Matheus BRAZIL 3 months 29 days AMfoRS 
11. DUCRUY Yann FRANCE 6 months 29 days AMfoRS 
12. GARAY TRINDADE Matheus BRAZIL 12 months CDSI 
13. JEROU Syrine TUNISIA 2 months 23 days AMfoRS 
14. KAROUI Said ALGERIA 8 days RIS 
15. KCHAOU Afef TUNISIA 2 months 30 days RIS 
16. LEKRIM Lounis ALGERIA 4 months 27 days CDSI 
17. MARGALEF ROVIRA Marc SPAIN 8 months 27 days RMS 
18. MARION Thomas FRANCE 2 months 29 days AMfoRS 
19. PROVENT Thomas FRANCE 5 months 11 days AMfoRS 
20. ROQUES Steve FRANCE 6 months 23 days SLS 
21. TORRES AURORA DUGO Alexy FRANCE 2 months 29 days SLS 
22. TSEN  Carol MADAGASCAR 29 days SLS 
23. VINAS VISCARDI Dardo Ariel ARGENTINA 2 months 4 days RIS 
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Contracts 
TIMA has a long tradition of international cooperation, both with industrial and academic partners in the 
context of multinational projects. This chapter provides a short abstract of the topics and objectives of the 
contracted partnerships that were active in 2017 (13). 

ANR 
ANR / LAUREAT project (Oct 01, 2014 - Sep 30, 2017) 
« Implants cardiaques autonomes intégrant un générateur d'énergie piézoélectrique miniaturisé fiable 
et robuste » 
Partners: Université Paris Sud - Paris 11 - Vermon SA – Sorin CRM SAS 
Ce projet s'inscrit dans les recherches de développements actuels dans le domaine du traitement des 
insuffisances cardiaques, et plus spécifiquement dans le domaine des pacemakers leadless. Les pacemakers 
actuels ont un volume assez restreint, de l'ordre de 8cm3, mais leur utilisation requiert l'installation de fils, 
appelés "leads", qui relient le pacemaker aux zones stimulées électriquement à l'intérieur du cœur. Ces fils, 
ou leads, sont souvent désignés comme étant le point faible des pacemakers. Problèmes qui peuvent survenir 
: débranchement du lead, détérioration, infection de lead, perforation cardiaque, dissection du sinus coronaire, 
thrombose, blessure de valve cardiaque. Des défaillances dues aux leads surviennent dans 21 % des cas sur 
les 10 années qui suivent l'implantation du pacemaker. Les progrès réalisés dans le domaine de la 
microélectronique et des micro-capteurs permettent à présent d'intégrer tous les composants de pacemaker 
dans un volume réduit à l'extrême. Un tel pacemaker peut être directement implanté dans une cavité cardiaque 
sans utiliser de leads. Ce type de pacemaker est ainsi appelé pacemaker leadless. les pacemakers leadless 
vont très certainement révolutionner les prochaines générations de pacemakers. Outre l'intérêt de supprimer 
les leads, ces dispositifs permettent de simplifier la procédure d'implantation, d'où une réduction des coûts et 
une amélioration du confort du patient. Avec des objectifs scientifiques concentrés sur la fiabilité et la 
robustesse du micro-générateur piézoélectrique, le projet LAUREAT vise à développer une brique 
technologique fondamentale pour aller vers l'industrialisation d'implants cardiaques à très grande durée de 
vie. Le projet portera sur une nouvelle technologie de micro-générateur piézoélectrique permettant de produire 
de l'énergie électrique à partir des mouvements du cœur. Le projet contribuera ainsi à ouvrir la voie vers 
l'industrialisation de pacemakers leadless sans pile, totalement autonome en énergie. L'objectif final est de 
réaliser une source d'énergie dont la durée de vie sera supérieure à 20 ans (au lieu de 9ans pour les piles au 
lithium), évitant ainsi des opérations chirurgicales de remplacement de la pile et contribuant à renforcer la 
compétitivité de l'industrie des dispositifs médicaux en France et en Europe. 

ANR / GAME-D project (Feb 01, 2013 - Oct 30, 2017) 
« Guidage d'une Aiguille Médicale instrumentée Déformable » 
Partners: Université Grenoble I (UJF) - CNRS Alpes - Centre Hospitalier Universitaire de Grenoble - Imactis 
Les procédures médicales percutanées, guidées ou non par une imagerie, ont bénéficié des apports des outils 
de localisation et de navigation. Néanmoins, ces outils restent imparfaits. Dans le cadre de procédures 
percutanées utilisant une aiguille, nous voulons démontrer que l’on peut offrir au radiologue interventionnel un 
environnement augmenté qui lui permettra, d'une part, de répondre à sa problématique de maximisation du 
rapport bénéfice/risque et d'autre part, de repousser ses limites dans la réalisation de gestes jusqu'à ce jour 
non envisagés du fait d'outils insuffisamment performants. Deux défis majeurs doivent être relevés pour 
concevoir la nouvelle génération d'outils d’assistance à la réalisation de gestes de radiologie interventionnelle 
guidés par une imagerie. 1/ L’hypothèse simplificatrice d'un modèle d'aiguille linéaire peut être source 
d'imprécisions majeures, pouvant ainsi entraîner des échecs du geste interventionnel, les nouveaux systèmes 
de navigation doivent donc prendre en compte, en temps réel, les déformations de l'aiguille. 2/ La 
connaissance de ces déformations et donc des déviations par rapport à une trajectoire idéale nécessite le 
développement de nouvelles modalités de correction, en temps réel, des trajectoires de l’aiguille. Un 
consortium d’experts a été constitué pour relever ces défis : TIMA (Techniques de l’Informatique et de la Micro-
électronique pour l’Architecture des systèmes intégrés), qui apporte son savoir-faire en micro-fabrication et 
micro-capteurs, a démontré la faisabilité d’une nouvelle modalité d’appréhension des déformations d’une 
aiguille. 3S-R (Sols, Solides, Structures, Risques) apporte au consortium son expertise dans le domaine de la 
physique et mécanique du comportement des matériaux et a démontré la faisabilité à contraindre activement 
la déformée d'une aiguille. TIMC-IMAG (Techniques de l’Ingénierie Médicale et de la Complexité - 
Informatique, Mathématiques et Applications de Grenoble) spécialisé dans les systèmes de navigation et les 
gestes médico-chirurgicaux assistés par ordinateur, propose une nouvelle génération d'environnement 
augmenté. Le CIC-IT (Centre d’Investigation Clinique – Innovation Technologique) du CHU de Grenoble 
apporte son savoir-faire dans le domaine de l’accompagnement de la maturation d’innovations technologiques 
en Santé en vue de déterminer objectivement et précocement les Services Médicaux Attendus associés aux 
innovations développées dans le projet. IMACTIS, PME spécialisée dans le domaine de la radiologie 
interventionnelle, apporte son expertise dans le développement et l'industrialisation de systèmes de navigation 
d'aiguilles sur le marché de la radiologie interventionnelle. La fédération de ces experts au sein d’un même 
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consortium permet de couvrir l’ensemble des spécialités (médico-légale, radiologie, logiciel, modélisation, 
électronique, micro-système, commande, mécanique, médico-légal) nécessaires pour relever les deux 
précédents défis. Au terme de ce projet de recherche industrielle, l’ensemble des éléments scientifiques et 
techniques, ainsi que deux premiers démonstrateurs, seront disponibles pour valider la faisabilité de 
l’approche envisagée. Les enjeux sont perçus comme extrêmement stratégiques, en particulier dans le 
domaine de la radiologie interventionnelle. Nous pensons qu’au moins six publications majeures seront 
générées par le consortium. Enfin, le transfert industriel de ces innovations sera facilité par le partenaire 
IMACTIS, qui commercialisera les produits issus de ces travaux au travers de son réseau de distribution.  

ANR / FALCON project (Sep 01, 2017 - Mar 30, 2019) 
« Réseaux de caméras ultrarapides par assemblage nanotechnologique » 
Partners: Université de Strasbourg – CEA LETI - Dolphin Integration 
La vidéo rapide est une activité en plein essor tout en étant un terrain d’application idéal des imageurs à 
technologie CMOS. Elle trouve des applications dans l’analyse des mouvements, la balistique, les explosions, 
la biomécanique, les crashs test, la dynamique des fluides, les chocs et les vibrations etc. La vidéo rapide 
conventionnelle est actuellement pilotée par l’industriel avec des sociétés comme Photron, Redlake ou Drs 
Hadland qui produisent leurs propres capteurs. La meilleure caméra du marché offre 22000 images par 
seconde (ips) pour une résolution spatiale de 1280x800 pixels, c’est-à-dire un taux d’échantillonnage de 22 
Giga pixel/s. Cette vitesse n’est pas restreinte par l’électronique du pixel, mais par celle des entrées sortie qui 
permettent d’extraire l’image du capteur. L’objectif du projet FALCON est de franchir cette barrière 
technologique en repoussant la vitesse d’acquisition de 3 ordres de grandeurs en proposant un capteur 
capable de prendre jusqu’à 100 millions d’ips en montant le taux d’échantillonnage à 10 Petabits/s. Pour y 
parvenir, l’approche classique d’extraction des images en continu doit être abandonnée pour s’affranchir du 
goulet d’étranglement des entrées/sorties au profit de l’approche de capteur d’image par rafale (BIS pour Burst 
Image Sensor). Puisqu’il n’est pas possible de sortir les images au fur et à mesure qu’elles sont prises, il suffit 
de les laisser sur le capteur. Ainsi, l’ensemble des BIS précédemment réalisés intègrent une mémoire 
analogique embarquée sur un capteur monolithique. Le pitch du pixel est généralement de l’ordre de 50 μm, 
la vitesse d’acquisition d’environ 10 Mega ips et la profondeur mémoire, c’est-à-dire le nombre d’images 
stockées, tourne aux alentours d’une centaine. Ce dernier nombre, principalement limité par l’espace occupé 
par la mémoire en relation avec le pitch du pixel, est bien insuffisant dans bon nombre d’applications et 
spécifiquement celles ou la durée de l’événement à mesurer est longue ou bien ou la synchronisation de 
l’événement et le déclenchement de la caméra est incertain. Cela peut conduire à une expérience manquée. 
Par ailleurs, les travaux n’évoquent que très peu le rapport signal à bruit (SNR) mais sa valeur diminue lorsque 
le temps de lecture augmente, c’est-à-dire lorsque le nombre d’images à lire grandit, car les courants de fuites 
dégradent l’information stockée dans une capacité. Cette contrainte joue également en défaveur d’une grande 
profondeur de mémoire et en pratique, le SNR ne dépasse pas les 45 dB. Le dispositif proposé dans le cadre 
du projet FALCON repose sur un concept en totale rupture avec les précédents BIS en mettant en œuvre les 
possibilités offertes par les technologies microélectroniques 3D émergentes. Une thèse démarrée en 2012 en 
collaboration entre ICube et le L3i du CEA LETI a permis de déterminer une nouvelle architecture qui tire parti 
de la structure 3D de manière optimale. Une approche numérique audacieuse permet d’augmenter les 
performances de ce type de capteur, et également d’y apporter de nouvelles fonctionnalités. La particularité 
de l’architecture réside dans son mode d’acquisition avec conversion analogique vers numérique a haute 
cadence et stockage des images sous format numérique qui améliore à la fois la qualité du signal et qui 
augmente d’un ordre de grandeur la profondeur mémoire. L’objectif final étant d’obtenir une caméra haute 
définition (1200x1200), fonctionnant à 10 Mega ips avec une mémoire de plus de 1000 images. Ce projet 
repousse les performances de chacun des sous éléments du système à l’état de l’art afin de proposer un 
capteur unique. Une méthodologie originale de conception conjointe architecture/partitionnement et 
électrothermique est également au cœur du projet. En effet, de nouvelles méthodes et de nouveaux outils 
sont nécessaires pour mener à bien la conception de tels systèmes intégrés hétérogènes. 

ANR / LACIS project (Oct 01, 2014 - Sep 30, 2017) 
« Capteurs d'image couleur adaptatif à son environnement » 
Partners: CNRS Alpes - Silios Technologies 
The goal of the LACIS's project is to demonstrate the validity of a new approach for color and spectral imaging 
sensor and camera systems. The demonstration will be given by building one or two prototypes showing the 
functionality of the novel approach and measuring the improvement compared to the state of the art. The novel 
approach is based on two principles inspired from the human visual system. The general goal of the project is 
to build a demonstrator composed by (1) new filters, either pseudo-random 6x6 RGB, or multispectral based 
on COLOR SHADE technology, (2) a locally adaptive color CMOS sensor and (3) a motherboard including 
embedded processing for color or spectral image reconstruction optimized for spatio-spectral information. The 
demonstration will be given by a functioning prototype that will deliver images of size 256x256 and showing 
the properties of the new approach for color or spectral sensor.  
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ANR / TERAPACIPODE project (Nov 13, 2017 - Jan 15, 2021) 
« Démonstration de circuits passifs sur Polymère dans la gamme THz » 
Le projet TeraPACIPODE porté par l'IEF, s'inscrit dans le domaine de l'électronique térahertz (THz). Il adresse 
les applications liées aux télécommunications à haut débit de manière privilégiée mais les retombées seront 
aussi utiles à l'ensemble du champ émergeant que constitue l'électronique THz. Depuis quelques années, un 
nombre important d'études a concerné des composants actifs ; le plus souvent des sources, parfois des 
détecteurs, et rarement des amplificateurs basés sur des MMIC en dessous de 1THz. En parallèle, l'étude de 
fonctions passives THz a suscité peu d'intérêt et d'efforts. Ce projet vise la réalisation de circuits passifs 
(guides, coupleurs, diviseurs de puissance, antennes) sur substrat polymère. L'intérêt de certains polymères 
aux fréquences THz est lié à la faible valeur de la partie réelle de la permittivité diélectrique qui présente 
l'avantage de réduire sensiblement les pertes par rayonnement des circuits et d'améliorer le rendement des 
antennes, à condition de ne pas augmenter les pertes diélectriques. Le BCB réunit ces deux critères. Un autre 
atout des polymères réside dans la capacité à les déposer par centrifugation au-dessus de tous les types de 
substrat et circuits intégrés. Les briques de base appréhendées dans ce projet sont aussi nécessaires à la 
synthèse de systèmes plus complexes tels que des amplificateurs distribués ou des multiplieurs.  

ANR / TRICOT project (Oct 01, 2017 - Mar 31, 2021) 
« Technologie émergente pour le développement de circuits RF et millimétriques à base de nanotubes 
de carbone » 
TRiCOT is a fundamental research project that proposes an "Emerging technology for the development of RF 
and millimeter circuits based on carbon nanotubes". This is an ambitious project in the context of Challenge 
7, Axis 8, addressing in particular the future technological bottlenecks to be solved in terms of packaging: 3D 
heterogeneous integration, high frequency interconnection, densification, functionalization, …, which are 
awaited for the fabrication of millimeter wave modules up to 100 GHz, for wireless applications, high-resolution 
sensors and ultra-high-speed communication. Given the changing needs and technologies, this project is in 
the context of ultra-compact millimeterwave systems manufacturing. So we are planning to develop E-band 
demonstrators (71-86 GHz), and we are proposing an original concept of functionalized interposer, in particular 
by integrating a beamforming circuit (Butler matrix), which is based on two innovations from previous work of 
the different partners: - the first one deals with the design of slow-wave waveguides. This principle has been 
developed and validated experimentally by UGAIMEP- LAHC. In particular, it leads to a reduction in the lateral 
and longitudinal dimensions of the slow-wave waveguides compared with those of conventional guides at a 
given working frequency. Although it is at millimeter-wave frequency, with relatively small circuit sizes, this 
aspect remains important for the production of guides which have the advantage of having little radiation losses 
but which have lateral dimensions that are incompatible with the implementation of feeding networks for 
antenna arrays, which are essential for achieving an acceptable link budget. - the other innovation concerns a 
maturing technology of carbon nanotubes growth and transfer, compatible with CMOS technology. This 
technique has been developed and validated by CINTRA and XLIM for the packaging and realization of 
components up to millimeter frequencies. We will extend this technology for obtaining the slow-wave effect in 
waveguides. Finally, the industrial partner III-V Lab will bring its expertise in terms of technological testing in 
order to validate the quality of implemented processes. By pooling these skills, the project will lead to a real 
alternative in terms of realization and packaging of high-performance circuits, from mm-wave up to THz 
frequencies, with high impact for strategic sectors (high-speed wireless communications, security, defense, 
space ...). The project is structured around 5 workpackages: (1) project management, (2) demonstrator 
specifications and constraints, (3) modeling and design (carbon nanotube forests and design of elementary 
circuits and the final demonstrator), (4) fabrication of structures based on carbon nanotubes, (5) high frequency 
characterization of fabricated structures. The complementarity of the partners and their unique expertise 
recognized by the international community in this field is a major asset for the success of this project. The 
project's intended outcomes include: (i) new heterogeneous 3D integration solutions requested by the industry 
of micro- and nanoelectronics, (ii) development of a library of circuits which will ultimately enable the realization 
of various types of systems, (iii) publications in major international conferences and conferences, (iv) use of 
the main results to feed our master's and doctoral school courses. 
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ANRT 
ANRT / CIFRE Guillaume PLASSAN project (Apr 07, 2014 - Apr 07, 2017) 
Thesis « Semi-formal verification of clock domain crossing properties » 
Partners: Atrenta France 

ANRT / CIFRE Mélanie BERNARD project (Oct 24, 2014 - Oct 23, 2017) 
Thesis « Adéquation algorithme-architecture pour le traitement de données associé aux dispositifs 
d'imagerie gamma à base cdZnTe » 
Partners: CEA 

ANRT / CIFRE Arthur KALSING project (Sep 01, 2015 - Aug 31, 2018) 
Thesis « Méthodes et outils pour l'intégration de structures faible consommation pour circuits intégrés 
complexes basé sur un contrôle distribué asynchrone » 
Partners: DeFacto Technologies SA / Grenoble INP 

ANRT / CIFRE Grégoire GIMENEZ project (Oct 10, 2016 - Oct 10, 2020) 
Thesis « Etude et conception de puces sécurisées basse consommation pour plateforme IoT » 
Partners: Dolphin Integration – TIMA Laboratory 

ANRT / CIFRE Xavier AUBERT project (Nov 01, 2017 - Oct 30, 2021) 
Thesis « Etude et réalisation de démonstrateurs ayant une gestion dynamique du vieillissement pour 
les applications exigeant une haute fiabilité » 
Partners: Dolphin Integration - TIMA Laboratory 

ANRT / CIFRE Martial CHABOT project (May 04, 2015 - May 03, 2018) 
Thesis « Ingénierie système de la modélisation abstraite à la modélisation physique » 
Partners: Schneider Electric Industrie SAS 

ANRT / CIFRE François BERTRAND project (Apr 14, 2016 - Apr 13, 2019) 
Thesis « Conception asynchrone robuste pour la très faible consommation dans les cartes à puces » 
Partners: Starchip 

ANRT / CIFRE Mihai IORDACHE project (Jun 03, 2014 - Jun 02, 2017) 
Thesis « Power estimation and reduction in 3D designs » 
Partners: Atrenta France (Grenoble) SAS 

ANRT / CIFRE Lydie TERRAS project (Jul 29, 2014 - Jul 28, 2017) 
Thesis « Processeur d'audit pour systèmes embarqués » 
Partners: STMicroelectronics (Rousset) SAS 

ANRT / CIFRE Lucas FERNANDEZ-BRILLET project (Mar 13, 2017 - Mar 12, 2020) 
Thesis « Architectures intégrées 3D de réseaux de neurones CNN pour la vision embarquée » 
Partners: STMicroelectronics (Grenoble 2) SAS 

ANRT / CIFRE Riddhi J. SHAH project (May 11, 2017 - May 10, 2020) 
Thesis « Etude et réalisation de démonstrateurs ayant une gestion dynamique du vieillissement pour 
les applications exigeant une haute fiabilité » 
Partners: STMicroelectronics SAS 

ANRT / CIFRE Ajith SIVADASAN project (Jan 01, 2015 - Dec 31, 2017) 
Thesis « Modelisation Spice et FastSpice de circuit et technique avancés pour gérer la fiabilité par le 
design » 
Partners: STMicroelectronics 

ANRT / CIFRE Sophie GERMAIN project (Nov 02, 2016 - Oct 31, 2019) 
Thesis « EM spectrum control based on micropipeline circuits for NFC applications » 
Partners: STMicroelectronics SA 

ANRT / CIFRE Mejid KEBAILI project (Sep 08, 2014 - Sep 08, 2017) 
Thesis « Développement d'un flot de vérification structurelle, fonctionnelle et dynamique des chemins 
asynchrones avec les méthodologies et outils de vérification formelle appropriés, pour des sous-
systèmes intégrés haute performance à base de processeurs » 
Partners: STMicroelectronics 
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ANRT / CIFRE Njoyah NTAFAM PERRIN project (Nov 23, 2014 - Nov 22, 2018) 
Thesis « Nouvelles méthodes pour l'estimation en amont et au cours du développement de la 
performance du logiciel » 
Partners: STMicroelectronics 

ANRT / CIFRE Mohammed TMIMI project (Sep 25, 2017 - Sep 25, 2020) 
Thesis « Nouvelle approche pour lien série en technologie FD-SOI 28nm CMOS avancée et au-delà » 
Partners: STMicroelectronics - TIMA Laboratory 

ANRT / CIFRE Alexandre AYRES project (Jul 01, 2014 - Jun 29, 2017) 
Thesis « Intégration monolithique en 3D : Etude du potentiel en terme de consommation, performance 
et surface pour le noeud technologique 14nm et au-delà » 
Partners: STMicroelectronics (Crolles2) – CEA LETI - CNRS Alpes 

ANRT / CIFRE Julien SAADE project (Jan 30, 2014 - Jan 29, 2017) 
Thesis « Une approche générique au niveau système pour la conception de liens série très haut débit » 
Partners: STMicroelectronics (Alps) SAS - TIMA Laboratory / INPG SA 

ANRT / CIFRE Cheikh NDIAYE project (Apr 22, 2014 - Apr 21, 2017) 
Thesis « Fiabilité des Circuits pour les Applications Analogiques » 
Partners: STMicroelectronics (Crolles 2) SAS 

CARNOT 
CARNOT (Jan 01, 2016 - Dec 31, 2017) 
« Larinx Artificiel project » 
Les interventions de laryngectomie ou de pharyngo-laryngectomie totale entrainent d’importantes séquelles 
physiques et psychologiques qui détériorent gravement la qualité de vie des patients : respiration par 
trachéotomie entrainant la perte de la voix, suppression des fonctions nasales (humidification, filtration, 
réchauffement de l’air, olfaction). Même si certaines prothèses phonatoires pallient à la perte de la voix, aucun 
implant n’existe aujourd’hui pour restaurer l’ensemble des fonctions du larynx (respiration, phonation, 
déglutition). L’objectif de ce projet est de démontrer la faisabilité d’un larynx artificiel actif en se concentrant 
plus particulièrement et dans un premier temps sur la déglutition. La dimension active de cet organe est 
obtenue par l’utilisation de microcapteurs détectant « l’instant » de la déglutition à partir de signaux 
physiologiques et d’effecteurs capables de contrôler l’ouverture et la fermeture de la trachée. Grâce à ce 
dispositif novateur, la trachéotomie ne serait plus nécessaire. De ce fait, la qualité de vie pourrait être 
grandement améliorée. 

CEC 
CEC / NANOxCOMP project (Dec 01, 2016 - Nov 30, 2019) 
« Synthesis and performance Optimization of Switching Nano-crossbar Computer » 
Partners: ITU (Istanbul Teknik Universitesi) - UMIL (Universita degli studi di Milano) – IROC Technologie SA, 
KIT (Karlsruher Institut Für Technoligie), Germany - Grenoble INP 
The main goal of this project is developing a complete synthesis and optimization methodology for switching 
nanocrossbar arrays that leads to the design and construction of an emerging nanocomputer. New computing 
models for diode, FET, and four-terminal switch based nanoarrays are developed. The proposed methodology 
implements both arithmetic and memory elements, necessitated by achieving a computer, by considering 
performance parameters such as area, delay, power dissipation, and reliability. With combination of arithmetic 
and memory elements a synchronous state machine (SSM), representation of a computer, is realized. The 
proposed methodology targets variety of emerging technologies including nanowire/nanotube crossbar arrays, 
magnetic switchbased structures, and crossbar memories. The results of this project will be a foundation of 
nano-crossbar based circuit design techniques and greatly contribute to the construction of emerging 
computers beyond CMOS.  

CEC / TARANTO project (Nov 13, 2017 - Mar 31, 2020) 
« RowARds Advanced bicmos NanoTechnology platforms for RF to thz applications » 
The TARANTO project targets to break the technological barriers to the development of next generation 
BiCMOS technology platforms, combining improved radio-frequency performance of SiGe Heterojunction 
Bipolar Transistors (HBT) with the high level of integration of advanced CMOS processes. The superior radio-
frequency performance of SiGe HBTs compared to even most advanced CMOS technologies makes BiCMOS 
technologies a key enabler for applications which require the combination of highperformance radiofrequency 
(RF) front ends with the high computational power and low power consumption of advanced CMOS nodes. 
Addressed marked segments include highspeed, high-data rate communication systems and intelligent 
mobility systems that will be used in future fully automated transport systems. The main objectives of this 
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project will be the development HBTs offering high maximum oscillation frequency Fmax of 600 GHz and their 
integration in high-density CMOS processes: 90nm at Infineon and 28nm at STMicroelectronics. The 
performance and flexibility of the technologies shall be demonstrated by means of system demonstrators 
including: high speed ADC and DAC for ultra-high speed optical communications, an advanced and scalable 
radio transceiver frontend for a 5G capable massive MIMO system, and a mmW transceiver with integrated 
beam steering functionality for inter-vehicle communication. The project consortium gathers the main 
European players in the value chain for the targeted applications at very high frequencies, from laboratories 
to industrial users, thus ensuring the highest scientific level and the ability to validate the work carried out on 
appropriate demonstrators. 

CEC-NATIONAL 
CEC-NATIONAL / THINGS2DO project (Jan 01, 2014 - Dec 31, 2017) 
« Conception et développement de produits exploitant la technologie FDSO » 
Partners: Union européenne – État - Collectivités locales - Autres personnes publiques... 
The program THINGS2DO is focused on building the Design & Development Ecosystem for FD-SOI-
technology. This technology is uniquely positioned to take advantage of some very distinct strengths of the 
European Semiconductor Industry. The baseline 28nm FDSOI technology is available at an inflection point in 
the semiconductor progression path and offers unique features at this particular point in time. 14nm-FD-SOI 
will then take the technology’s integration potential to unprecedented levels, utilizing the design/development 
ecosystem developed here. 

COLLECTIVITES TERRITORIALES 
COLLECTIVITES TERRITORIALES / NANO 2017 - BIST ADC project (Jan 01, 2014 - Dec 31, 2017) 
« Développement de techniques d'adaptation algorithmique intégrant la perception visuelle et son 
implémentation sur SoC pour l’amélioration de la qualité d'images vidéo » 
Partners: STMicroelectronics 
Ce projet vise le développement de nouvelles structures embarqués pour le test dynamique SoCs mixtes 
visant en particulier des techniques de test pour les ADCs et les capteurs de bruit. Deux thèmes de recherche 
sont visés par ce projet : 1) Test de convertisseurs analogique/numérique et 2) Mesures de bruits dans des 
Socs mixtes. Le laboratoire TIMA a fourni quatre livrables début 2015 décrivant les tâches réalisées : D1.1 
Rapport sur l'évaluation de l’état de l’art sur les structures intégrées de test dynamique d'ADC. D1.2 Rapport 
sur les opportunités identifiées afin de définir de nouvelles stratégies de test ou l'amélioration de celles 
existantes. D2.1 Rapport sur l'évaluation de l’état de l'art de structures des instruments de test pour la détection 
et l'analyse de la gigue. D2.2 Rapport sur les opportunités identifiées pour définir de nouvelles stratégies de 
test ou l'amélioration de celles existantes. Dans ces livrables nous nous focalisons sur l’identification des lignes 
de recherche pour développer avec succès des instruments intégrés dans applications de BIST dynamique 
de convertisseurs de signal et de détection de bruit pour les applications de hautes performance. 

COLLECTIVITES TERRITORIALES / NANO 2017 - A3 project (Jan 01, 2014 - Dec 31, 2017) 
« Développement de nouvelles structures embarqués pour le test dynamique de Socs mixtes visant 
en particulier des techniques de test pour les ADCs et des capteurs de bruits » 
Partners: STMicroelectronics 
Ce projet vise le développement de techniques d'adaptation algorithmique intégrant la perception visuelle et 
son implémentation sur SoC pour l'amélioration de la qualité d’images vidéo. Deux thèmes de recherche sont 
visés par ce projet : 1) Compression fonctionnelle paramétrique (CFP) après décodage HEVC Ultra+HD 10 
bit. 2) correction des artefacts vidéo (CAV) après décodage HEVC Ultra HD 10-bit. Un rapport de fourniture a 
été fourni. La toute première phase de l'étude a concerné l'utilisation des méthodes avancées d'analyse 
statistique pour la détection d'erreur intégrée dans décodeur d'image. Dans la suite il s'agira de s'appuyer sur 
les méthodes d'évaluation de la qualité visuelle d'image développée pour optimiser les algorithmes de la 
compression tout en préservant la un niveau de qualité visuelle de l'image exigé après la décompression. 
L'objectif est de développer une boucle de surveillance et d'ajustement de la qualité visuelle dans un décodeur 
vidéo numérique, mettant en œuvre des méthodes de détection et correction adaptative d'artefacts vidéo 
basées sur la correction de distance et la régression nonlinéaire en s'appuyant sur des méthodes statistiques 
avancées. Le but visé est de garantir une qualité de perception d'images restituée confortable pour le système 
visuel humain. 
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COLLECTIVITES TERRITORIALES / NANO 2017 - ESPRIT project (Jan 01, 2014 - Dec 31, 2017) 
« Développement d'une solution matérielle et logicielle efficace pour le pattern mining dans des flux 
de données à très haut débit en collaboration avec le laboratoire LIG de Grenoble » 
Partners: LIG Laboratory, STMicroelectronics 
Ces travaux portent sur la simulation et l'émulation d'architectures matérielles dédiées à certains algorithmes 
de fouille de données (data mining) et de réseaux de neurones. Le projet va évaluer la pertinence des TCAM 
(Ternary content-addressable memory) pour ces algorithmes et recherche les fonctionnalités qu'il serait 
pertinent d'ajouter aux TCAM dans ce contexte. Deux familles d'applications sont considérées : la recherche 
d'ensembles fréquents et les réseaux de neurones. 

EPST 
EPST / E-BACCUS project (Oct 01, 2016 - Sep 30, 2018) 
« Event-Based Control, Circuits and Processing towards Ultra-Low Power Consumption » 
Partners: LJK – INRIA - GIPSA – CEA Laboratories 
The objective of this team is the ultra-low power consumption of electronic circuits. To do that we suggest to 
study non-uniform event-driven sensors/actuators and parsimonious signal processing in systems. More 
precisely, one of the objectives is to develop a lowpower vision sensor. Such an electronic circuit will be 
designed at the very beginning of the project. The second theme is about the optimal control of systems 
equipped with converters. It asks to study non-smooth dynamical systems. For nonlinear control systems, the 
possibility of updating the control inputs, only when some events occur, will be also investigated. Thus the 
observation and the control of event-based dynamical systems will be also studied. These events may come 
from a function of the state or of the measured output only. Finally two demonstrators will be built to illustrate 
and combine all results obtained in the project. For all axis, optimization objectives will be tackled, as the 
minimization of numbers of level-crossings that are necessary to recover a signal in a given class of signals. 
The applications that we have in mind are embedded systems with ultralow consumptions. More precisely, the 
applications include event-driven architectures, as micro-electronic components. The practical applications are 
medical ones, and minimization of electrical consumption for networks systems. The applications of the event-
triggered controls for nonlinear systems, or for non-smooth systems are the control of biomimetic robots (as 
micro flying artificial insects) and mechanical systems with constraints of first or second order (as the control 
of dynamical objects with shocks and constraints on the state variables). This theme is very natural in the 
Labex Persyval-lab because some recent research results have been already obtained by some of the 
partners, and this call for applications is the best opportunity to collect the efforts and to increase the research 
efforts of the four partners. More precisely this team will study embedded systems containing distributed 
control, and dynamic event-based components. Thus this team should be supported by the themes Modeling 
and Simulating the physical world (SIM) and Pervasive Computing Systems (PCS) of Persyval-lab. 

EPST / HEAVEN project (Jun 01, 2015 - Nov 30, 2018) 
« Heterogenous Architectures : Versatile Exploitation and programing » 
Partners: UGA (LIG – GIPSA - LJK Laboratories ), INRIA (LIP) 
The main objective of this project is to improve the accessibility of heterogeneous architectures containing 
FPGA accelerators to parallel application programmers. The proposed project focuses on three main aspects: 
(1) Portability: we don’t want application programmers to redesign their applications completely to benefit from 
FPGA devices. This means extending standard parallel programming environments like OpenMP to support 
FPGA. Improving application portability also means leveraging most of the hardware specific low-level 
mechanisms at the runtime system level ; (2) Performance: we want our solution to be flexible enough to get 
the most out of any heterogeneous platforms containing FPGA devices depending on specific performance 
needs, like computation throughput or energy consumption for example ; (3) Experiments: Experimenting with 
FPGA accelerators on real-life scientific applications is also a key element of our project proposal. In particular, 
the solutions developed in this project will allow comparisons between architectures on real-life applications 
from different domains like signal processing and computational finance. Efficient programming and 
exploitation of heterogeneous architectures implies the development of methods and tools for system design, 
embedded or not. The HEAVEN project proposal fits in the PCS research action of the PERSYVAL-lab.  
  



Contracts - 116 

EPST / PICS - Indie TEST project (Jan 01, 2017 - Dec 31, 2019) 
« Indirect test solutions for analog, mixed-signal, and RF integrated systems » 
The combination of indirect test and Built-In Self-Test (BIST) is a promising solution to mitigate the increasing 
cost of testing complex mixed-signal integrated systems. Indirect test replaces complex specification 
measurements by simpler signatures, and then uses modern data analysis algorithms to map these signatures 
onto the specification space. Signatures can be efficiently monitored by simple on-chip test instruments that can 
be integrated together with the system under test. Indirect test is then an interesting path to enable cost-effective 
BIST for mixed-signal systems. This PICS project has the goal of developing reliable and accurate built-in indirect 
test methods for complex mixed-signal systems. The project is structured into two interconnected research lines: 
a) Combining causal inference techniques with feature selection and feature extraction algorithms for indirect 
test, and b) Developing a feature-driven strategy for the definition of on-chip test instruments 

EPST / PAUSE project (Mar 24, 2017 - Mar 23, 2018) 
« Programme d'Aide à l'accueil en Urgence des Scientifiques en Exil » 
Ce projet vise le développement d'une arithmétique dédiée qui participe à réduire la consommation sans pour 
autant compromettre les performances du système. La consommation d'énergie est le facteur d'optimisation 
incontournable d’aujourd’hui et de demain qui ne souffre désormais d’aucune négligence dans la quête de 
systèmes embarqués toujours plus performants, portables, robustes et communicants. C’est dans ce contexte, 
notamment dans le domaine en pleine expansion des objets connectés (ou Internet of Things (IoT)) que prend 
place ce thème de recherche très important qui vise à trouver des solutions intégrées réduisant la 
consommation.  

EPST / ALADDIn project (Jun 19, 2017 - Dec 31, 2018) 
« Attaque Laser Avancée sur AES DDr Intégré » 
Ce projet concerne la conception de circuits sécurisés destinés à des cartes à puce, et plus généralement la 
conception de circuits mémorisant des données confidentielles (par exemple, une clé secrète de chiffrement) 
et pouvant faire l'objet d'attaques malveillantes. Plusieurs types d'attaques sont connus, mais les deux types 
d'attaques actuellement les plus menaçants en dehors des attaques purement informatiques sont les attaques 
dites "matérielles" par "canaux auxiliaires" ou par "injection de fautes". Ce projet est focalisé sur le second 
cas, où les attaques cherchent à perturber le fonctionnement du circuit en créant volontairement des erreurs 
pour en déduire les informations secrètes et/ou contourner des protections.  

EPST / SysAx project (Jun 19, 2017 - Dec 31, 2018) 
« Systèmes auto adaptatifs pour le calcul approché » 
Le projet SysAx a pour objectif de développer des méthodes et techniques de conception d'un système 
"approximé" sur puce pour lui permettre de s'adapter à son environnement. Par exemple le signal d'entrée 
peut devenir plus bruité, le niveau d'alerte de batterie atteint, le circuit peut donner des signes de baisse de 
fiabilité, ... Le système devra alors pouvoir basculer d'un mode de précision à un autre automatiquement.  

EPST / CAFE & Test project (Jun 01, 2016 - Dec 31, 2017) 
« CAFE & Test: Causal feature selection for machine learning test of analog, mixed-signal and RF 
systems » 
Within the framework of the Advanced Data Mining research axe in the Persyval-Lab Labex initiative, the 
proposed exploratory project brings together the expertise of microelectronic designers, test engineers and 
data mining mathematicians with the goal of exploring, identifying and developing systematic methodologies 
for reliable and accurate built-in Indirect Test strategies for AMS-RF complex systems. For this purpose, the 
project is built around the collaboration of three research institutions: TIMA Laboratory, Grenoble, France 
(Unité Mixte de Recherche 5159), IMSE-CNM, Séville, Spain (Centro Mixto Universidad de Sevilla – CSIC), 
and LIRIS, Lyon, France (UMR 5205). 

EPST / Microbayes (Jun 01, 2016 - Nov 30, 2019) 
« Probabilistic Machines for Low-level Sensor Interp project » 
Partners: LIG – GIPSA – IF - TIMA Laboratory 
The development of modern computers is mainly based on increase of performances and decrease of size 
and energy consumption. This incremental evolution is notable, but it involves no notable modification of the 
basic principles of computation. In particular, all the components perform deterministic and exact operations 
on sets of binary signals. These constraints obviously impede further sizable progresses in terms of speed, 
miniaturization and power consumption. As detailed below, the goal of the MicroBayes project is twofold: (1) 
to investigate a radically different approach to perform computations, namely stochastic computing using 
stochastic bit streams. And (2) to show that stochastic architectures can outperform standard computers to 
solve complex inference problems both in terms of execution speed and of power consumption. We will 
evaluate stochastic machines on difficult Bayesian inference problems. Moreover we will demonstrate the 
interest and feasibility of stochastic computing on two applications involving low-level information processing 
from sensor signals. 
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EUREKA 
EUREKA / HADES project (Apr 01, 2017 - Mar 31, 2020) 
Partners: IROC Technologies - CNRS Languedoc Roussillon - Temento Systems – ISSM – Thalès 
Communications & Security SAS - CEA (Commissariat à l'Energie Atomique et aux Energies Alternatives) - 
STMicroelectronics (Grenoble 2) SAS; Université Paris VI - NXP Semiconductors France 
The objective of the project is to create a hierarchical on-line test infrastructure that allows reutilization of the 
same test programs though out all levels of hierarchy in an electronic equipment. This test infrastructure will 
be based on standards like IEEE 1687 for larger systems and on SPI or I2C for smaller SoC devices. At the 
same time a number of test instruments will be developed to be embedded in the chips to facilitate on line 
testing and data collections to allow early fault detection, diagnose and repair. These test instruments could 
indicate also circuit degradation even before a fault really occurs, and could be use to tune the circuit 
performance to save power. 

EUREKA / RESIST project - RESilient Integrated Systems (Sep 01, 2014 - Dec 31, 2017) 
Partners: STMicroelectronics (CROLLES2) SAS - STMicroelectronics SA - IROC Technologies - ISEN-Toulon 
- ATMEL Nantes SA 
Les systèmes électroniques des voitures et des avions deviennent de plus en plus sophistiqués et nécessitent 
toujours plus d'intégration et de performances. Cependant, l'utilisation de technologies fortement intégrées 
compromet la fiabilité, la sécurité et la durée de vie des systèmes. Il faut donc de nouvelles approches et 
solutions de design qui prennent en compte ce besoin de fiabilité. Le projet RESIST vise ces méthodes de 
design ainsi que des méthodes d'adaptation en temps réel pour la prochaine génération de systèmes 
électroniques durcis, résistants et adaptatifs pour en particulier l'automobile, l'avionique et l'aérospatial. 
RESIST se concentre sur la fiabilité, la résilience, le coût et la qualité des circuits à base de semi-conducteurs. 

INDUSTRIE 
INDUSTRIE / EXPERTISE EASYTECH project (Sep 01, 2016 - Nov 30, 2017) 
« Rapport d'analyse de performance et faisabilité d'un système de transmission vidéo sur Drone » 
Partners: Anemos Technologie - CEA/IRT 
Anemos Technologies développe des drônes haute autonomie pour le marché professionnel, avec des 
applications telles que l'aide à la localisation de troupeau dans les très grandes exploitations. Ces drônes étant 
pilotés sur de longues distances (10km), hors de portée de vue, leur contrôle nécessite un retour de type FPV 
(First Person View) ou « vol en immersion » : L'étude a consisté à étudier la disponibilité de technologies afin 
de pouvoir réduire la latence de transmission vidéo sous des seuils perceptifs spécifiques. La solution 
proposée, à savoir compression vidéo avec intra-refresh et synchronisation sub-frame en modifiant 
subtilement des dispositifs existant, a été adoptée et mise en oeuvre par Anemos Technologies. 

INTERNATIONAL 
INTERNATIONAL LaserEffects project (Oct 01, 2015 - Sep 30, 2018) 
« Valuating the Efficiency of New Transient- Fault Detection Techniques for Integrated Circuits under 
Laser-Induced Fault Sources » 
Partners: CMP-GC Gardanne - LIRMM Montpellier 
This text presents a Ph.D. thesis proposal for the program “Sciences without Borders”. This project was 
planned in cooperation with CMP (Gardanne) and TIMA Laboratory (Grenoble), both from France. The main 
goal of this thesis is to evaluate the efficiency of transient-fault detection techniques that protect integrated 
systems against natural and malicious perturbations such as radiation-induced effects and fault-injection 
attacks. In the current Brazil scenario and in the era of a high demand for security and robustness to keep the 
secret and reliability of nanotechnology applications like smartcards, this work will contribute for the formation 
of a Brazilian expert in such an emergent and important field. The use of modern laser-induced fault sources, 
which are not available in Brazil, will provide innovative contributions to make integrated circuits more secure 
and robust. 
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MINISTERES-FUI 
MINISTERES-FUI / CAPACITES project (Nov 01, 2014 - Jan 31, 2018) 
« Logiciel embarqué objets connectés" CAlcul PArallèle pour Applications Critiques en Temps et 
Sûreté » 
Partners: Kalray – Airbus Operations 
CAPACITES vise à émerger une plateforme matérielle et logicielle s'appuyant sur l'exploitation de processus 
pluri-cœurs intégrés et de démontrer la pertinence de ces architectures pluri-cœurs et l'implémentation qu'en 
fait KALRAY pour plusieurs applications industrielles. 

MINISTERES-FUI / SPICA project (Mar 26, 2014 - Sep 30, 2017) 
« Safety/Security-Oriented Post Instrumentation of Circuits with Assertions » 
Partners: Université de Bretagne Sud – Dolphin Integration - STMicroelectronics Rousset SAS 
Le projet SPICA vise une solution innovante pour les domaines de la vérification, de la sûreté et de la sécurité 
des systèmes critiques. L'objectif est le développement de méthodes et outils pour l'instrumentation 
automatique des systèmes sur puce complexes critiques par des composants dédiés à la vérification 
d'exigences de bonne conception, la sécurisation du dispositif, et la détection de dysfonctionnements et de 
malveillance en opération. L'originalité de l'approche proposée réside dans le fait qu'elle décline et exploite 
des concepts similaires dans les trois principales composantes de la conception : le système global, le logiciel 
embarqué, et les blocs matériels dédiés. 

MINISTERES-FUI / LISA project (Mar 26, 2014 - Sep 25, 2017) 
« Ultra low power Integrated circuit for Secure RF » 
Partners: Dolphin Integration – Smart Packaging Solutions – Université d’Aix-Marseille – Morpho – Starchip 
Le marché sans contact /dual interface est en pleine croissance dans les 3 principaux domaines : le transport, 
l'identité et le bancaire. C'est l'industrie de la carte à puce des années 90 qui est à l'origine des produits sans 
contact actuels (Puce, Module, Antenne, Inlay). Le projet LISA propose de finaliser ce processus et de 
développer des objets sans contact, basée sur un nouveau module RF (13,56 Mhz/10 cm de portée) dual 
interface intégrée (puce & antenne) compatible avec les infrastructures existantes (mêmes lecteur), sans 
alimentation extérieure et compatible avec moyens actuels de production. Son objectif majeur est de diviser 
par 10 le besoin énergétique des solutions actuelles à performances égales. A cette fin les partenaires se 
fixeront comme sous objectifs de diviser par 5 la consommation de la puce et multiplier par 2 l'énergie 
récupérée par l'antenne. 

MINISTERES-FUI / COVADEC project (Sep 18, 2013 - Sep 30, 2017) 
« COnception et VAlidation Des Systèmes Embarqués d'Aide à la Conduite » 
Partners: ALL4TEC, Civitec – Intempora – Magillem – Peugeot Citroën Automobiles SA – Valeo Etudes 
Electroniques - Armines Laboratoire - Grenoble INP/ TIMA Laboratory 
Projet consistant à développer un ensemble de méthodes et techniques permettant la Conception et la 
Validation des systèmes Embarqués d'Aide à la conduite automobile, d'optimiser les scénarios de tests et 
ainsi réduire les centaines de milliers de km d’essais nécessaires à la validation des fonctions ADAS intégrés 
dans les véhicules, d'optimiser les phases de validation des systèmes ADAS en temps et effort humain, de 
répondre aux besoins des systèmes d'aide à la conduite en terme de conformité aux normes de fiabilité 
fonctionnelle (ISO 26262), de prendre en compte des exigences de sûreté de fonctionnement en amont du 
développement des algorithmes de traitement d'image, d'accompagner le développement des fonctions ADAS 
et d'assurer l’interopérabilité entre les plateformes de tests avec les autre plateformes de développement 
(RTMAPS, ADTF) et de simulation (PRO-SIVIC). 

REGION 
REGION / SAFE-AIR project (Apr 10, 2017 - Sep 29, 2022) 
Confrontées à des exigences de certification de plus en plus contraignantes en termes de sûreté de 
fonctionnement, les entreprises notamment dans le domaine des transports recherchent de nouvelles 
méthodes pour évaluer la robustesse des systèmes intégrés numériques complexes. En particulier nos 
partenaires industriels dans ce projet, THALES Valence et AEDvices consulting, s’intéressent à la robustesse 
des systèmes de vol utilisés en aéronautique. En effet, ces systèmes intégrés, du fait de l’évolution des 
technologies, sont de plus en plus sensibles aux perturbations causées par exemple par les particules 
atmosphériques ou d'autres phénomènes environnementaux. Plusieurs méthodes sont bien établies pour 
évaluer la sûreté des systèmes électroniques. Les analyses d’arbres de fautes (« Fault Tree Analysis » FTA) 
et les analyses des modes de défaillances (« Failure Mode Effect Analysis » FMEA) en sont deux exemples. 
Cependant, les organismes de certification imposent aux constructeurs de garantir par des méthodes de plus 
en plus rigoureuses (et déterministes) la robustesse de leurs systèmes. De nombreux standards imposent 
aujourd'hui une évaluation de sûreté fonctionnelle, en fonction du domaine d'application. On peut citer le IEC 
61508 pour les équipements électroniques industriels, le DO-254 pour l'avionique, l'ISO 26262 pour 
l'automobile, l'ISO 60601 pour le médical, … Ainsi, notre projet vise une évaluation plus précise du niveau de 
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robustesse réel des systèmes numériques complexes, très tôt dans le développement. Réaliser une évaluation 
précise très tôt dans le développement permet d'éviter des corrections tardives coûteuses et d'améliorer très 
sensiblement le temps de mise sur le marché, conduisant à augmenter considérablement la productivité. Elle 
permet aussi de concevoir des protections au « juste coût » ni « sur » ni « sous » dimensionnées. Au-delà des 
systèmes aéronautiques et des systèmes de transport en général (automobile ferroviaire), les résultats de ce 
projet intéressent TOUS les systèmes intégrés utilisés dans les applications critiques : systèmes de 
générations d’énergie (centrale nucléaire), implants médicaux ou encore systèmes pour l'internet (routeurs)… 
Tous les acteurs ayant besoin de respecter l'un de ces standards pourront bénéficier de l'approche que nous 
proposons pour anticiper leurs certifications. Le projet proposé s’appuie sur une méthode d’analyse multi-
niveau, c’est-à-dire prenant à la fois en compte l’effet des perturbations sur les composants matériels et 
également la propagation des erreurs dans le système, que ce soit à l'intérieur du composant lui-même ou au 
niveau plus général de l'équipement. Les méthodes et outils développés permettront de mieux cibler la mise 
en place de solutions ou contremesures efficaces (soit au niveau équipement, soit au niveau composant) pour 
garantir la robustesse de l’intégralité d'un équipement dès la phase de conception des composants matériels. 
Notre proposition vise à réduire le fossé qui existe aujourd'hui entre le niveau composant (circuit ou système 
intégré) et le niveau équipement (produit global). La première contribution du projet est l’utilisation d’une 
modélisation de l'équipement sous la forme d'une plateforme dite "virtuelle", permettant de créer un modèle 
exécutable du système complet, incluant le composant en cours de développement. Cette modélisation de 
haut niveau du système (modélisation conjointe du logiciel et du matériel) permettra de prendre en compte la 
propagation des erreurs en sortie du composant dans tout le système. Elle s'appuiera sur plusieurs approches 
complémentaires, en exploitant les compétences et connaissances antérieures du LCIS et de TIMA. La 
seconde contribution du projet est la génération de nouveaux modèles de fautes au niveau système à partir 
des simulations des composants. Ces modèles de fautes seront plus réalistes que des modèles générés 
directement au niveau système. Le fait de s’affranchir des simulations des composants matériels lors de la 
simulation du système permettra d’augmenter la vitesse des simulations. La dernière contribution que nous 
proposons est l’utilisation d’un nouveau modèle de fautes. Récemment dans le cadre du projet ANR LIESSE 
(dans lequel le LCIS et le TIMA étaient partenaires) a été proposé un modèle de fautes spécifique permettant 
de modéliser l’effet des attaques laser sur les composants matériels. Ce modèle de fautes qui prend en compte 
les propriétés de localité des attaques laser peut être réutilisé pour modéliser plusieurs types de perturbations, 
dont l’effet des particules atmosphériques sur les composants matériels. Ce projet est pour nos entreprises 
partenaires une opportunité de valorisation de ces résultats de l’ANR LIESSE. Ce projet s’inscrit dans les 
domaines d’excellence « NUMERIQUE » et « MOBILITE, SYSTEMES DE TRANSPORT INTELLIGENTS » 
de la région. Il s’inscrit aussi dans le pôle de compétitivité MINALOGIC. Finalement, les outils et méthodes 
développés dans le cadre de ce projet contribueront à développer les techniques utilisées par THALES 
Valence et à ouvrir un nouveau champ connexe (l’analyse de la tolérance aux fautes) à l’offre d’AEDvices 
consulting. 

REGION / COOPERA project (Nov 15, 2017 - Dec 31, 2018) 
« Capteurs de gaz basés sur le champ électromagnétique » 
L'objectif de ce projet est principalement le développement de capteurs environnementaux (température, 
humidité, gaz) bas coût utilisant des circuits RF. Les technologies de détection disponibles sur le marché, à 
savoir, catalytique, électrochimique, à oxyde métallique, à conductivité thermique, à semi-conducteur ainsi 
que la technologie optique ne répondent pas aux exigences des industriels en matière de performances et de 
fiabilité, notamment, en termes de vitesse de réponse, de stabilité en température, de plage de détection, de 
robustesse mais également en termes de coût [1-2]. Cet écart entre les spécifications requises des 
technologies de capteurs et les produits disponibles démontre le besoin urgent de développer de nouvelles 
technologies plus performantes et fiables avec comme principaux objectifs intermédiaires : la réduction de la 
consommation requise, la diminution de la taille, l'amélioration de la robustesse et la baisse des coûts. Les 
capteurs réalisés dans le cadre de ce projet de recherche permettront à terme de répondre aux besoins et aux 
exigences de l'industrie en termes de performances, de robustesse et de fiabilité. Ceci permettra de combler 
l'écart qui existe actuellement entre les spécifications exigées par les industriels et les technologies disponibles 
sur le marché. L'objectif final est d'adapter la technologie proposée à base de SW-SIW (pour « Slow-wave 
SIW) pour les différentes applications visées afin de pouvoir exploiter de façon optimale les nombreux 
avantages offerts par cette technologie innovante. Ainsi, la mise en place de solutions innovantes en capteurs 
permettra de pallier aux faiblesses des capteurs commerciaux actuels. Afin de pouvoir atteindre les objectifs 
fixés dans ce projet de recherche, plusieurs outils seront exploités à différentes étapes du projet. Des études 
bibliographiques et théoriques approfondies, de solides modèles de simulation ainsi que divers outils de 
caractérisation seront ainsi exploités. À la base le LMST a développé des connaissances approfondies sur les 
SIW, ces connaissances ont valu à l'équipe de (FD) une reconnaissance sur la scène internationale qui s'est 
traduite par l'acceptation d'un brevet d'invention ainsi que la publication de plusieurs articles dans des revues 
et conférences internationales [3-4]. En parallèle, l'équipe de (PF) au sein de l'IMEP-LAHC a inventé la 
technologie SW-SIW pour le développement de circuits ultra-compact et performants [5]. Ceci de l'équipe le 
leader au niveau mondial quant à la compréhension approfondie de cette technologie, sa structure ainsi que 
son principe de fonctionnement. Les 40 publications et communications internationales ainsi que les trois 
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brevets réalisés par l'équipe de l'IMEP-LAHC depuis 2009 sur le concept d'ondes lentes qui sera mis en oeuvre 
au sein de ce projet viennent témoigner des connaissances et de la reconnaissance internationale acquises 
sur le sujet. Aussi, de solides modèles électromagnétiques validés par des résultats expérimentaux réalisés 
par l'équipe de l'IMEP-LAHC viennent compléter admirablement la riche base d'outils disponibles au sein du 
laboratoire de (PF), permettant d'atteindre les objectifs fixés initialement dans ce projet de recherche. À terme, 
les capteurs développés dans ce projet de recherche permettront de contrôler la concentration des gaz 
polluants dans l'atmosphère et ainsi de pouvoir faire face à la pollution atmosphérique, de plus en plus 
alarmante. Ceci permet ainsi de préserver à la fois l'environnement et la nature pour les générations futures. 
Ainsi, par le biais de ce projet, une contribution considérable sera apportée à l'amélioration de la santé et du 
bien-être des personnes.  

REGION / Convertisseur temps numérique project (Jan 01, 2017 - Dec 31, 2018) 
« Dispositif microélectronique ultra-précis de mesure de temps basé sur l'oscillateur en anneau auto-
séquencé » 
This project is a continuation of the work previously initiated within the framework of the COOPERA project n 
° 1500546501 started in 2015. A new fully digital high resolution time to- digital converter (TDC) based on a 
self-timed ring oscillator (STR) is presented. The proposed TDC can virtually achieve as fine as desired time 
resolution by simply increasing its number of stages thanks to the STR unique features. Moreover, the 
proposed technique allows on-the-fly time measurement on fast non-periodic signals. The TDC has been 
designed using 28 nm FDSOI CMOS technology to provide a proof of concept of the proposed method. 
Simulation results point out the advantages of this TDC in terms of compactness and measurement accuracy. 
The principle of this innovative system and the obtained results have been published in two international 
conferences EFTF-IFCS 2017 [1] and NEWCAS 2017 [2]. Another journal publication is in preparation. The 
goal of this project is the hardware validation of the proposed architecture, already validated theoretically and 
by simulation. Firstly, by its implementation on an FPGA device, which will allow a relatively fast and modular 
hardware validation of the principle. Then, by designing and manufacturing of a testchip in CMOS technology 
to completely validate this innovative concept. We also wish to study the use of this device in specific 
applications in order to target possible industrial transfer. We have already contacts with companies in the 
region interested such a system, in particular by the very precise measurement of the time of flight of a 
radiofrequency wave for geolocation application or for high-performance analog-digital conversions. [1] A. El-
Hadbi, A. Cherkaoui, O. Elissati, and L. Fesquet, High Precision Time Measurement using a Self-timed Ring 
Oscillator based TDC, 2017 Joint 31st European Frequency and Time Forum & 71st IEEE International 
Frequency Control Symposium (EFTF/IFCS), Besançon, France, 2017. (Accepted) [2] A. El-Hadbi, A. 
Cherkaoui, O. Elissati, J. Simatic, and L. Fesquet, On-the-fly and Sub-Gate-Delay Resolution TDC based on 
Self-Timed Ring: A Proof of Concept, in 2017 12th IEEE International New Circuits and Systems Conference 
(NEWCAS), Strasbourg, France, 2017. 

REGION / OVNIPROM project (Nov 01, 2017 - Dec 31, 2018) 
« Développer et valider l'ordinateur de bord d'un nanosatellite » 
Le but principal de ce projet est l'implémentation de l'ordinateur de bord d'un nano-satellite dans un processeur 
ayant des nombreux cores de calcul ce qui permettra atteindre la performance et la fiabilité requises. Le 
processeur choisi comme cible a été le MPPA, dont la version appelée Bostan a 256 cores, circuit fabriqué 
par l'entreprise grenobloise KALRAY. Ce processeur étant au coeur des activités du projet CAPACITES 
(Calcul Parallèle pour Applications Critiques en Temps et Sûreté) financé dans le cadre de LEOC (Logiel 
Embarqué et Objets Connectés) dans lequel TIMA est partenaire, a déjà fait l'objet de campagnes de test 
sous radiations qu'ont mis en évidence sa sensibilité intrinsèque et l'efficacité des techniques de tolérance aux 
fautes implémentées dans le cadre des deux dernières thèses soutenues à TIMA et dirigées par Dr. Raoul 
Velazco. La contribution significative et l'objectif principal du projet OVNIPROM sera le développement de 
l'ordinateur de bord d'un nanosatellite dans le MPPA. Les diverses applications nécessaires pour les activités 
à bord du nanosatellites (contrôle d'attitude, télécommunication, traitement d'images, contrôle de l'énergie, 
etc...) pourront être implémentées dans le MPPA, bénéficiant de la mutliplicité de cores. Bien entendu deux 
paramètres significatifs seront considérés lors de l'implémentation: la performance requise pour certaines des 
applications mentionnées, et la tolérance aux fautes de celles en relation étroite avec la fiabilité, ceci pour 
garantir les objectifs du nanosat et assurer une durée de vie la plus longue possible. 

REGION / CMIRA 2016 - COOPERA project (Jun 01, 2016 - Dec 31, 2018) 
« Projet de recherche sur les microdispositifs acoustiques pour les prothèses auditives intra-
auriculaires » 
Partners: Politecnico di Torino (Italie) 
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REGION / CMIRA ACCUEIL DOC project (Jan 07, 2016 - Dec 31, 2017) 
« Thèse en co-tutelle entre l'Institut National des Postes et Télécommunications du Maroc et 
l'Université Grenoble Alpes » 
Partners: Institut National des Postes et Télécommunications du Maroc Dispositif microélectronique ultra-
précis de mesure du temps à base de convertisseur temps-numérique (TDC) 
La mesure précise du temps entre deux événements avec une résolution temporelle très fine, de l'ordre de la 
picoseconde, nécessite des moyens usuellement très importants et coûteux. Par exemple, la métrologie du 
temps avec une telle résolution est un vrai défi. Il existe d'autres domaines qui nécessitent l'application d'une 
telle mesure du temps, comme dans l'instrumentation des mesures, physique nucléaire, appareillage médical 
et bien d'autres. Le dispositif électronique qui permet une mesure du temps est appelé convertisseur temps-
numérique (TDC ou Time-to-Digital Converter). Les TDCs basés sur des oscillateurs en anneau à base 
d'inverseurs (IOR) sont couramment utilisés car ils sont plus simples à concevoir. Or, la résolution est limitée 
par la technologie utilisée car elle est liée au délai de l'étage. D'autre part, les oscillateurs auto-séquencés en 
anneau ont des propriétés très intéressantes à savoir essentiellement une résolution réglable aussi fine que 
souhaitée ainsi qu'une stabilité en fréquence.  Nous proposons une architecture de TDC entièrement 
numérique très compacte basée sur un oscillateur autoséquencé en anneau. La résolution temporelle de ce 
TDC peut être ajustée avec précision, autant que nécessaire en augmentant simplement le nombre d'étages 
de l'oscillateur. De plus, l'architecture de ce dispositif permet une mesure du temps à la volée des signaux 
non-périodiques rapides.  

REGION / CMIRA COOPERA 2015 project (Dec 15, 2015 - Dec 14, 2017) 
« Projet de recherche sur le dispositif microélectronique ultra-précis de mesure du temps » 

SATT 
SATT / MAST project (Jan 01, 2016 - Jun 30, 2017) 
« Manager for System-centric Test » 
Partners: SATT Linksium 
Ce projet vise le développement d'une infrastructure logicielle innovante qui va permettre au JTAG de gérer 
la complexité des Systems on Chip (Soc) et qui permettra le test adaptatif en générant dynamiquement les 
vecteurs lors de l'application du test. Cela est obtenu grâce à la mise en oeuvre d'approches innovantes qui 
vont permettre de maximiser le potentiel de nouveaux standards IEEE qui sont en train de sortir sur le marché. 
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International activities 
This section gives an overview of international activities in which the members of the Laboratory participated. 

International cooperation agreements in 2017 
The Laboratory is engaged or has been recently engaged in a number of cooperations, some of them being 
officially recognized. They are listed below. These cooperations took various forms, e.g. extended visits of 
researchers at the cooperative location, organization of joint research, organization of workshops, etc. 
AMfoRS team (Architectures and Methods for Resilient Systems) 
§ Ecole Nationale d'Ingénieurs de Sousse (ENISo), Sousse, Tunisia and Faculté des Sciences de Monastir 

(FSM), Monastir, Tunisia (from 2012) 
Following previous common work, a co-tutelle thesis started in 2014 between TIMA, the laboratory of 
Electronics and Microelectronics (LEμE) at FSM, and ENISo. This collaboration has led in 2017 to the 
defense of a PhD on hardware acceleration of Full Homomorphic Encryption. 

§ Université Assane Seck de Ziguinchor, Département de Physique, UFR des Sciences et Technologies, 
Senegal (from 2014) 
A collaboration is on-going between Régis LEVEUGLE and Ababacar NDIAYE, Assistant Professor at 
Université Assane Seck de Ziguinchor. After a first stay in TIMA in 2015, Ababacar NDIAYE was again 
invited for a 2-month period in 2017. Common work is planned on dependability evaluations, based on 
approaches developed at TIMA and applied to circuits designed at Ziguinchor. 

§ Lorena ANGHEL: 1 month Research visits at University of Virginia at Charlotesville, USA 
§ Lorena ANGHEL: 1 month Research visits at University of Massachussetts at Amherst, USA 
§ Lorena ANGHEL: 1 month at University of Purdue, USA. 
CDSI team (Circuits, Devices and System Integration) 
§ Libor RUFER: Research visit at the University of Electronic Science and Technology of China (UESTC), 

Chengdu, PRC 
§ Fully Digital High Resolution Time-to-Digital Converter (TDC) – SCUSI project – Cooperation with INPT, 

Rabat, Morrocco  
RIS team (Robust Integrated Systems) 
§ IndieTEST: Indirect Test Solutions for analog, Mixed-Signal and RF Systems (2017-2019) 

Funding institutions: CNRS PICS, project PICS07703   
Partners: IMSE-CNM (Seville, Spain), TIMA. 

§ CAFE&Test: Causal feature selection for machine learning test of analog, mixed-signal and RF systems 
(2016-2017) 
Funding institutions: LabEx PERSYVAL-Lab (ANR-11-LABX-0025-01) funded by the French program 
Investissement d’avenir 
Partners: IMSE-CNM (Seville, Spain), TIMA, LIRIS 

RMS team (Reliable Mixed signal Systems) 
§ Morocco Cassanblanca: The RMS team to initiate a cooperation with the LPRI laboratory of the EMSI 

(Moroccan School of Engineering Sciences) 
§ Cameroon Yaounde CETIC (African Center of Excellence in Information and Communication 

Technology) This international development project funded by the World Bank. In this project, the topic 
on synthesis of low cost embedded control systems system is led by the RMS team. 

§ Cameroon UdM (University of the Mountains): For several years, there has been close collaboration 
between the RMS team of the TIMA Laboratory. The RMS team is actively contributing to the 
development of teaching and research at UoM's School of Science and Technology (FST). 

§ For several years, there has been close collaboration between the RMS team and the TIMA Laboratory 
and the University of Mountains in Cameroon. The RMS team is actively contributing to the development 
of teaching and research in the Faculty of Science and Technology (FST) of the University of Mountains. 



 

International activities - 123 

Organisation and participation of International Conferences, Workshops, Forums in 2017 
In the following table, TIMA’s researchers were involved in the organization of the listed events. 

Acronym Title Location Role Name 

ASYNC 
23rd IEEE International Symposium on 
Asynchronous Circuits and Systems 
(ASYNC'2017) 

San Diego 
(California), USA program committee FESQUET L. 

CENICS 
International Conference on Advances in 
Circuits, Electronics and Micro-electronics 
(CENICS’2017) 

Roma, ITALY program committee FESQUET L. 

CHES Conference on Cryptographic Hardware and 
Embedded Systems (CHES'2017) Taipei, TAIWAN program committee MAISTRI P. 

CS2 4th Workshop on Cryptography and Security 
in Computing Systems (CS2'2017) 

Stockholm, 
SWEDEN program committee MAISTRI P. 

DATE Design, Automation & Test in Europe 
(DATE'2017) 

Lausanne, 
SWITZERLAND 

european projects 
chair ANGHEL L. 

interactive 
presentations chair PETROT F. 

technical program 
committee VATAJELU E.I. 

topic member ANGHEL L. 
topic member BARRAGAN M. 
topic member PETROT F. 
topic member PIERRE L. 
University Booth Co-
Chair VATAJELU E.I. 

DCIS 32nd Conference on Design of Circuits and 
Integrated Systems (DCIS'2017) Barcelona, SPAIN program committee MIR S. 

DDECS 
20th IEEE International Symposium on 
Design and Diagnostics of Electronic Circuits 
and Systems (DDECS'2017) 

Dresden, 
GERMANY 

program committee LEVEUGLE R. 

program committee PIERRE L. 

DFT 
IEEE International Symposium on Defect 
and Fault Tolerance in VLSI and 
Nanotechnology Systems (DFT'2017) 

Cambridge, UNITED 
KINGDOM 

technical program 
committee ANGHEL L. 

DSC IEEE Conference on Dependable and 
Secure Computing (DSC'2017) Taipei, TAIWAN program committee LEVEUGLE R. 

DTIP 
19th Symposium on Design, Test, 
Integration & Packaging of MEMS and 
MOEMS 

Bordeaux, FRANCE technical program 
committee RUFER L. 

DUHDe 
4th Workshop on Design Automation for 
Understanding Hardware Designs 
(DUHDe'2017) 

Lausanne, 
SWITZERLAND 

technical program 
committee BORRIONE D. 

EBCCSP Event-Based Control, Communication and 
Signal Processing Conference 

Funchal, Madeira, 
PORTUGAL 

Technical program 
committee FESQUET L. 

ETS 22nd IEEE European Test Symposium 
(ETS'2017) Limassol, CYPRUS 

awards chair LEVEUGLE R. 
program committee BARRAGAN M. 
program committee MIR S. 
program committee PAPAVRAMIDOU P. 
publicity VATAJELU E.I. 
steering committee ANGHEL L. 

FDL Forum on specification & Design Languages 
(FDL'2017) Verona, ITALY program committee BORRIONE D. 

program committee PIERRE L. 

FEDfRo 2nd IEEE Federative Event on Design for 
Robustness (FEDfRo'2017) 

Hotel Macedonia 
Palace, 
Thessaloniki, 
GREECE 

coordinators NICOLAIDIS M. 

ICCDCS 
10th International Caribbean Conference on 
Devices, Circuits, and Systems 
(ICCDCS’2017) 

Cozumel, MEXICO technical program 
committee 

POSSAMAI 
BASTOS R. 

ICM 29th International Conference on 
Microelectronics (ICM’2017) Beirut, LEBANON Publicity co-chair SIMEU E. 

IDT 12th IEEE International Design & Test 
Symposium (IDT'2017) Kuwait, KUWEIT program co-chair MIR S. 

IMSTW 22nd International Mixed-Signal Testing 
Workshop (IMSTW'2017) 

Hotel Makedonia 
Palace, 
Thessaloniki, 
GREECE 

finance chair SIMEU E. 
program co-chair BARRAGAN M. 
program committee MIR S. 
steering committee MIR S. 
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Acronym Title Location Role Name 

IOLTS 
23rd IEEE International Symposium on On-
Line Testing and Robust System Design 
(IOLTS'2017) 

Hotel Makedonia 
Palace, 
Thessaloniki, 
GREECE 

finance chair ANGHEL L. 
finance chair VELAZCO R. 
general chair NICOLAIDIS M. 
program committee BENABDENBI M. 
program committee LEVEUGLE R. 
program committee NICOLAIDIS M. 
program committee PAPAVRAMIDOU P. 
program committee SIMEU E. 
program committee VELAZCO R. 
publication chair PAPAVRAMIDOU P. 
registration SIMEU E. 
registration ZERGAINOH N.E. 
secretary ITIE Anne-Laure  

ISQED 18th International Symposium on Quality 
Electronic Design 

Santa Clara 
(California), USA 

technical program 
committee – SSDT 
Track co-chair 

RUFER L. 

ISVLSI IEEE Computer Society Annual Symposium 
on VLSI ( ISVLSI'2017) Bochum, GERMANY 

technical program 
committee BARRAGAN M. 

technical program 
committee PORTOLAN M. 

technical program 
committee VATAJELU E.I. 

ITC IEEE International Test Conference Fort Worth (Texas), 
USA 

program committee ANGHEL L. 
program committee VATAJELU E.I. 

IVSW 2nd International Verification and Security 
Workshop (IVSW'2017) 

Makedonia Palace 
Hotel, Thessaloniki, 
GREECE 

local organization NICOLAIDIS M. 
steering committee NICOLAIDIS M. 
technical program 
committee MAISTRI P. 

technical program 
committee PIERRE L. 

website chair DE BIGNICOURT A. 

IWASI 7th IEEE International Workshop on 
Advances in Sensors and Interfaces Vieste, ITALY program committee RUFER L. 

LASCAS 8th IEEE Latin American Symposium on 
Circuits & Systems (LASCAS'2017) 

Bariloche, 
ARGENTINA program committee MIR S. 

LATS 18th IEEE Latin American Test Symposium 
(LATS'2017) Bogota, COLOMBIA 

general chair VELAZCO R. 
panel chair ZERGAINOH N.E. 
program committee LEVEUGLE R. 
program committee MIR S. 
special session chair SIMEU E. 

MPSoC 17th International Forum on Embedded 
MPSoC and Multicore (MPSoC'2017) Annecy, FRANCE 

finance chair ROUSSEAU F. 
general chair PETROT F. 
proceeding chair MATOUSSI O. 
technical program 
committee PETROT F. 

website chair WICAKSANA A. 

NANOARCH 
13th ACM/IEEE International Symposium on 
Nanoscale Architectures 
(NANOARCH'2017) 

Newport (Rhode 
Island), USA 

program chair ANGHEL L. 

program committee VATAJELU E.I. 

NEWCAS 14th IEEE International NEWCAS 
Conference (NEWCAS'2017) 

Strasbourg, 
FRANCE industrial liaison FESQUET L. 

POWERMEMS 
17th International Conference on Micro and 
Nanotechnology for Power Generation and 
Energy Conversion Applications 
(POWERMEMS'2017) 

Kanazawa, JAPAN technical program 
committee BASROUR S. 

SBCCI 30th Symposium on Integrated Circuits and 
Systems Design (SBCCI'2017) Fortaleza, BRAZIL 

program committee FESQUET L. 

program committee POSSAMAI 
BASTOS R. 

technical program 
committee 

POSSAMAI 
BASTOS R. 

track chair POSSAMAI 
BASTOS R. 

SERESSA 
13th International School on the Effects of 
Radiation on Embedded Systems for Space 
Applications (SERESSA'2017) 

Munich, GERMANY 
co-general chair VELAZCO R. 

poster session chair VELAZCO R. 

SETS South European Test Seminar 2017 
(SETS'2017) 

Alpe d'Huez, 
FRANCE 

local organization ITIE Anne-Laure  
program committee ANGHEL L. 
steering committee ANGHEL L. 
website chair DE BIGNICOURT A. 

SIGNAL 
International Conference on Advances in 
Signal, Image and Video Processing - from 
Sensing to Applications (SIGNAL’2017) 

Barcelona, SPAIN 
program committee FESQUET L. 

steering committee FESQUET L. 
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Acronym Title Location Role Name 

TESTA 2nd International Test Standards Application 
Workshop (TESTA'2017) Limassol, CYPRUS 

co-general chair PORTOLAN M. 
organizing 
committee PORTOLAN M. 

TSS Test Spring School (TSS'2017) Nicosia, CYPRUS 

co-general chair ANGHEL L. 
organizing 
committee VATAJELU E.I. 

publicity VATAJELU E.I. 

VLSI-SoC 
25th IFIP/IEEE International Conference on 
Very Large Scale Integration (VLSI-
SoC'2017) 

Abu Dhabi, UNITED 
ARABIAN 
EMIRATES 

steering committee MIR S. 
technical program 
committee PIERRE L. 

technical program 
committee VATAJELU E.I. 

VTS 35th IEEE VLSI Test Symposium 
(VTS'2017) 

Las Vegas 
(Nevada), USA 

program committee MIR S. 
publication VATAJELU E.I. 
steering committee NICOLAIDIS M. 
technical program 
committee BARRAGAN M. 

vice general chair ANGHEL L. 

Participation to Societies and Working Groups in 2017 
§ Lorena ANGHEL: Vice President of EDAA – Electronic Design Automation Association 
§ Dominique BORRIONE: member of IFIP Working Group 10.5 
§ Salvador MIR: member of IFIP Working Group 10.5 
§ Laurent FESQUET: IEEE Solid-State Circuits vice-chapter chair 

Awards and distinctions in 2017 
AMfoRS team (Architectures and Methods for Resilient Systems) 
January 28, 2017: Dominique BORRIONE is honorary member of SIF (Société Informatique de 
France) 
Dominique BORRIONE, Professor Emerita at Grenoble Alpes University, has been Professor at University of 
Provence in Marseille (Dec 1983 – August 1988) before she moved to Grenoble University in 1988. She has 
been Director of the IMAG-ARTEMIS laboratory (Jan. 1992 – Dec. 1995), then of the TIMA laboratory (Jan. 
2007 – Dec. 2014) in Grenoble. Her fields of expertise are hardware design and simulation languages, and 
formal and semi-formal methods for the description, specification, verification and synthesis of integrated 
digital systems. 
CDSI team (Circuits, Devices and System Integration) 

June 16, 2017: Best Paper Award Nominee at SMACD 2017 conference (Taormina, ITALY) 
Best Paper Award Nominee in lnternational Conference on Synthesis, Modeling, Analysis, and Simulation 
Methods and Applications to Circuit Design (SMACD) 2017 
Project: Importance of IR Drops on the Modeling of Laser-Induced Transient Faults 
Authors: Raphael ANDREONI CAMPONOGARA VIERA (TIMA, CDSI), Philippe MAURINE (LIRMM, 
SYSMIC), Jean-Max DUTERTRE (ENSMSE, CMP), Rodrigo POSSAMAI-BASTOS (TIMA, CDSI) 
Abstract: Laser fault injection attacks induce transient faults by locally generating transient currents capable 
of temporarily flip the outputs of several gates. Many models used to simulate transient faults induced by 
laser consider several elements to better represent the effects of the laser on ICs. However, a laser-induced 
current between VDD and GND, which provokes significant IR drops, has been neglected. This paper 
highlights the importance of the induced IR drops on the modeling of laserinduced transient faults by using 
IR drop CAD tools. It also shows that laser-induced IR drops can be sufficiently strong to produce alone 
transient faults. As a result, the number of faults on a case-study circuit is accentuated whether IR drop 
effects are taken into account. 

June 28, 2017: Best Paper Award, student 2nd place at NEWCAS 2017 conference (Strasbourg, FRANCE) 
Best Paper Award, student 2nd place at NEWCAS 2017. 
Title: On-the-fly and sub-gate-delay resolution TDC based on self-timed ring: A proof of concept. 
Authors: Assia EL-HADBI (TIMA, CDSI), Abdelkarim CHERKAOUI (TIMA, CDSI), Oussama ELISSATI 
(INPT, STRS), Jean SIMATIC (TIMA, CDSI) and Laurent FESQUET (TIMA, CDSI) 
Abstract: A new fully digital high resolution time-to-digital converter (TDC) based on a self-timed ring 
oscillator (STR) is presented. The proposed TDC can virtually achieve as fine as desired time resolution by 
simply increasing its number of stages thanks to the STR unique features. Moreover, the proposed 
technique allows on-the-fly time measurement on fast non-periodic signals. The TDC has been implemented 
using 28 nm FDSOI technology to provide a proof of concept of the proposed method. Simulation results 
point out 
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July 07, 2017: Runner-up Best Paper Award in SBCCI 2016 conference (Belo Horizonte, BRAZIL) 
Runner-up Best Paper Award in lnternational Symposium on Integrated Circuits and Systems Design (SBCCI) 2016. 
Project: New Asynchronous Protocols for Enhancing Area and Throughput in Bundled-Data Pipelines 
Authors: Jean SIMATIC (TIMA, CDSI), Abdelkarim CHERKAOUI (TIMA, CDSI), Rodrigo POSSAMAI-
BASTOS (TIMA, CDSI) and Laurent FESQUET (TIMA, CDSI) 
Abstract: This paper presents two new area-reduced controllers for bundled-data asynchronous pipelines in 
which the stages have long critical paths. The proposed protocols allow to reduce the number of required 
delay elements by using the falling edge of the asynchronous request to indicate data validity. For critical 
path lengths of 25 gates, the first presented scheme decreases the controller area by 48% and slightly 
increases the maximum throughput (2%) in comparison to a standard micropipeline implementation. The 
other more-concurrent scheme proposition leads to a 25% area reduction and a 40% improvement of the 
maximum pipeline throughput. 

July 07, 2017: Best Presentation and Paper Award at JNRSE 2017 conference (Lyon, FRANCE) 
Best Presentation and Paper Award at JNRSE 2017 (7èmes Journées Nationales sur la Récupération et le 
Stockage d'Energie) 
Title: "Modeling and operating temperature tuning of a thermally activated piezoelectric generator" 
Authors: Adrian RENDON-HERNANDEZ and Skandar BASROUR 
Abstract: This paper deals with the finite element model of a thermally activated piezoelectric generator. 
Furthermore, it presents an experimentally validated temperature tuning technique based on the gap 
distance of the triggering system. The working principle of proposed generator relies on the multi step 
thermal-to-mechanical-to-electrical energy conversion, overcoming inconveniences related to fast temporal 
temperatura variations and large temperature differences for efficient operating of classical direct thermal 
energy conversion. Performance optimization can be done in the form of temperature span tuning by 
changing the gap distance. By increasing this parameter, it is possible to maximize the Energy up to 10 
times. Experimental data suggests that output energy up to 67 μW is possible when optimal gap distance is 
set. This corresponds to a power density of 103 μWcm-3 

November 08, 2017: Best Poster at JNRDM'2017 (Strasbourg, FRANCE) 
Best Poster at JNRDM'2017 (Journées Nationales du Réseau Doctoral en Micro-nanoélectronique 2017) 
Date: November 6-8, 2017 
Place: Strasbourg (FRANCE) 
Title: "Conception en vue du test d’un amplificateur de puissance à 60 GHz" 
Authors: Florent CILICI, Manuel BARRAGAN, Estelle LAUGA-LARROZE, Sylvain BOURDEL, Salvador MIR 
RMS team (Reliable Mixed signal Systems) 

November 08, 2017: Best Poster at JNRDM'2017 (Strasbourg, FRANCE) 
Best Poster at JNRDM'2017 (Journées Nationales du Réseau Doctoral en Micro-nanoélectronique 2017) 
Date: November 6-8, 2017 
Place: Strasbourg (FRANCE) 
Title: "Conception Test micro-nano" 
Authors: Florent CILICI, Manuel BARRAGAN, Estelle LAUGA-LARROZE, Sylvain BOURDEL, Salvador MIR 
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Educational tasks 
Dealing with problems risen by advanced technologies and proposing advanced design and test 
methodologies, TIMA’s members are, as a matter of fact, very concerned in growing public awareness of these 
topics. Continuing education is the principal form of advanced knowledge dissemination achieved by the 
Laboratory, and many teaching sessions have been given to industry (engineers) and academy (teachers and 
post-graduate students) people. 

Open Seminars at TIMA in 2017 
In addition to internal seminars, the Laboratory regularly publicises talks given by our visiting researchers. 
Grenoble academic and industrial researchers had the opportunity to listen to the following speakers: 

Speaker Institution Date Theme 
Katarzyna PORADA DALI/LIRMM 23/03/2017 Processeur parallélisant à beaucoup de cœurs 

Augusto PARRA 

Director of Centro de 
Tecnología Disruptiva - 
Universidad San Pablo 
Tucuman - ARGENTINA 

02/05/2017 On-Board Computers based on many-core 
processors for the next generation of Nanosats 

Dr Joshua LEE City-University of Hong Kong 01/06/2017 Piezoelectric-on-Silicon Resonators for Frequency 
Control and Sensing 

Gildas LEGER University of Seville 30/11/2017 Why is systematic AMS-RF test not there yet ? 

Seminars given by TIMA’s members in 2017 excluding conferences 
Concerning participation to external seminars, the following table lists the courses and seminars given by 
members of the Laboratory on their specific research work, following the invitation of various institutions: 

Institution Location Date Speaker Title or content 

Télécom Bretagne CIME Nanotech 
Grenoble (France) 08/01/2017 Laurent FESQUET  

(CDSI team) 
Thinking and designing differently: the 
asynchronous alternative 

IMT Atlantique Grenoble (France) 10/01/2017 Régis LEVEUGLE 
(AMfoRS team) Sécurité dans les circuits intégrés 

POLYTECH Montpellier (France) 17/01/2017 Daniel DZAHINI 
(RMS team) Low noise design and data converters 

French Malaysian 
Workshop 
Universiti Teknologi 
Petronas 

Iseni Iskandar, Malaysia 13/02/2017 Skandar BASROUR 
(CDSI team) 

Microsystems research activities at TIMA 
Laboratory 

UdM1 Bangangte (Cameroon) 02/03/2017 Emmanuel SIMEU 
(RMS team) Low-Cost Controller Synthesis 

InoVallée Meylan (France) 07/03/2017 Régis LEVEUGLE 
(AMfoRS team) 

Conception de systèmes intégrés 
numériques pour la sûreté et la sécurité 

UdM2 Bangangte (Cameroon) 25/05/2017 Emmanuel SIMEU 
(RMS team) Renewable Energy and Energy Sectors 

CNRS Paris (France) 03/07/2017 Régis LEVEUGLE 
(AMfoRS team) 

Architectures et primitives matérielles pour la 
sûreté et la sécurité 

Forum ESSOR 
renewable energies 

Polytech Orléans 
(France) 19/10/2017 Emmanuel SIMEU 

(RMS team) Accès à l’énergie : la place de la formation 

JDSI3 EMSI Marrakech 
(Morrocco) 04/11/2017 Emmanuel SIMEU 

(RMS team) 
Energie renouvelable en Afrique : Place de la 
formation et de la recherche 

LIMMS Energy 
Harvesting Mini-
Workshop 

Tokyo (Japan) 13/11/2017 Skandar BASROUR 
(CDSI team) 

Piezoelectric generators: From piezo-MEMS 
to mesoscale devices 
 

LCIS4 Valence (France) 30/11/2017 Raoul VELAZCO 
(RIS team) 

Effects of Radiation on Integrated Circuits: 
origines, mitigation techniques, test and real-
life experiments 

 

                                                
1 University of Mountains – Cameroon 
2 University of Mountains – Cameroon 
3 Journée Doctorale des Sciences de l’Ingénieur / Doctoral days of EMSI (Moroccan School of Engineering Sciences) 
4 Laboratoire de Conception et d'Intégration des Systèmes 
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Scientific production 
International journals 
AMfoRS 
1 Vatajelu I., Prinetto P.*, Taouil M.**, Hamdioui S.** 
Challenges and Solutions in Emerging Memory Testing 
IEEE Transactions on Emerging Topics in Computing, Volume: PP, 2017 
*Politecnico di Torino, **Delft University of Technology 
2 Alexandrescu D.*, Altun M., Anghel L., Ciriani V., Tahoori M.**, Bernasconi A. 
Logic synthesis and testing techniques for switching nano-crossbar arrays 
Microprocessors and Microsystems, Volume: 54, pp. 14-25, 2017 
*iROc Technologies, **Karlsruhe Institute of Technology 
3 Javaheri N., Morin-Allory K., Borrione D. 
Synthesis of Regular Expressions Revisited: from PSL SEREs to Hardware 
IEEE Transactions on Computer-Aided Design of Integrated Circuits and Systems, Volume: 36, pp. 869-882, 
2017 

CDSI 
4 Possamai Bastos R., Acunha Guimaraes L., Torres F.S.*, Fesquet L. 
Architectures of Bulk Built-In Current Sensors for Detection of Transient Faults in Integrated Circuits 
Microelectronics journal, Volume: , 2017 
*Universidade Federal de Minas Gerais 
5 Hadj Said M.*, Tounsi F.*, Rufer L., Mezghani B.*, Masmoudi M.* 
Dynamic Performance and Sensitivity Investigation of a Narrow-band Frequency Detecting Microsensor 
Advances in Systems, Signals & Devices, Volume: 6, pp. 1-18, 2017 
*Ecole Nationale d'Ingenieurs de Sfax (ENIS)  
6 Esteves J.*, Rufer L., Ekeom D.**, Basrour S. 
Lumped-parameters equivalent circuit for condenser microphones modeling 
Journal of the Acoustical Society of America, Volume: 142, pp. 2121-2132, 2017 
*Université Grenoble Alpes, **Microsonics 
7 Viera R.A.C., Possamai Bastos R., Dutertre J.M.*, Maurine P.** 
Method for evaluation of transient-fault detection techniques 
Microelectronics Reliability, Volume: , 2017 
*Ecole Nationale Supérieure des Mines de Saint-Etienne , **LIRMM, Laboratoire d'Informatique de 
Robotique et de Microélectronique de Montpellier 
8 Trioux E., Monfray S.*, Basrour S. 
Micro thermal energy harvester design optimization 
Journal of Micromechanics and Microengineering, Volume: 27, pp. 114001, 2017 
*STMicroelectronics 
9 Rocha R. O.*, Torres F.S.*, Possamai Bastos R. 
Towards high-sensitive built-in current sensors enabling detection of radiation-induced soft errors 
Microelectronics Reliability, Volume: , 2017 
*Universidade Federal de Minas Gerais 

RIS 
10 Charif A., Coelho A., Zergainoh N.-E., Nicolaidis M. 
A Dynamic Sufficient Condition of Deadlock-Freedom for High-Performance Fault-Tolerant Routing in 
Networks-on-Chips 
IEEE Transactions on Emerging Topics in Computing, Volume: PP, 2017 
11 Charif A., Coelho A., Zergainoh N.-E., Nicolaidis M. 
A Framework for Scalable TSV Assignment and Selection in Three-Dimensional Networks-on-Chip 
Journal of VLSI Design, Volume: , 2017 
12 Coelho A., Laurent R.*, Solinas M., Fraire J., Mazer E.**, Zergainoh N.-E., Velazco R. 
On the Robustness of Stochastic Bayesian Machines 
IEEE Transactions on Nuclear Science, Volume: PP, 2017 
*ProbaYes S.A.S, **Centre National de la Recherche Scientifique 
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13 Vargas V., Ramos P., Ray V.*, Jalier C.*, Stevens R.*, Dupont De Dinechin B.*, Baylac M.**, Villa 
F.***, Rey S.****, Zergainoh N.-E., Méhaut J-F.*****, Méhaut J-F.******, Velazco R. 
Radiation Experiments on a 28nm Single-Chip Many-core Processor and SEU error-rate prediction 
IEEE Transactions on Nuclear Science, Volume: 64, pp. 483-490, 2017 
*Kalray, **Laboratoire de Physique Subatomique et de Cosmologie, ***Laboratoire de Physique des 
Interfaces et des Couches Minces, ****Laboratoire de Physique et Métrologie des Oscillateurs, *****INRIA - 
Equipe CORSE, ******Laboratoire d'Informatique de Grenoble 
14 Clemente J.A.*, Hubert G.**, Franco F.***, Villa F.****, Baylac M.*****, Mecha H.*, Puchner H.******, 
Velazco R. 
Sensitivity Characterization of a COTS 90-nm SRAM at Ultra Low Bias Voltage 
IEEE Transactions on Nuclear Science, Volume: PP, 2017 
*Universidad Complutense de Madrid, **ONERA/DESP, ***Universidad Nacional de Cordoba, 
****Laboratoire de Physique des Interfaces et des Couches Minces, *****Laboratoire de Physique 
Subatomique et de Cosmologie, ******Cypress Semiconductor 

RMS 
15 Nzebop Ndenoka G.*, Nzebop Ndenoka G.**, Simeu E., Alhakim R. 
Efficient controller synthesis of multi-energy systems for autonomous domestic water supply 
Revue Africaine de la Recherche en Informatique et Mathématiques Appliquées (INRIA), Volume: 24, pp. 
65-88, 2017 
*LIRIMA, IDASCO Team, Department of Computer Science, Faculty of Sciences, University of Yaoundé I, 
**UMI 209 UMMISCO - University of Yaoundé I 
16 Tchendjou G.T., Simeu E., Alhakim R. 
Fuzzy Logic Based Objective Image Quality Assessment with FPGA Implementation 
Journal of Systems Architecture (JSA), Volume: 82, pp. 24-36, 2017 

SLS 
17 Vivet P.*, Thonnard Y.*, Lemaire R.*, Santos Cr.*, Beigné E.*, Bernard Ch.*, Darve F.*, Lattard D.*, 
Miro-Panades I.*, Dutoit D.*, Clermidy F.*, Cheramy S.*, Sheibanyrad H., Pétrot F., Flamand E.**, 
Michailos J.**, Arriordaz A.***, Wang L.****, Schloeffel J.***** 
A 4 × 4 × 2 Homogeneous Scalable 3D Network-on-Chip Circuit With 326 MFlit/s 0.66 pJ/b Robust and Fault 
Tolerant Asynchronous 3D Links 
IEEE Journal of Solid State Circuits, Volume: 52, pp. 33-49, 2017 
*Laboratoire d'Electronique de Technologie de l'Information, **STMicroelectronics, ***Mentor Graphics-FR, 
****Mentor Graphics Corp., *****Mentor Graphics-GE 
18 Cunha M., Matoussi O., Pétrot F. 
Detecting Software Cache Coherence Violations in MPSoC Using Traces Captured on Virtual Platforms 
Transactions on Embedded Computing Systems (TECS), Volume: 16, pp. 30:1-30:21, 2017 
19 Michel L., Pétrot F. 
Dynamic Binary Translation of VLIW Codes on Scalar Architectures 
IEEE Transactions on Computer-Aided Design of Integrated Circuits and Systems, Volume: 36, pp. 789-800, 
2017 
20 Prost-Boucle A., Pétrot F., Leroy V.*, Alemdar H.* 
Efficient and versatile FPGA acceleration of support counting for stream mining of sequences and frequent 
itemsets 
ACM Transactions on Reconfigurable Technology and Systems (TRETS) , Volume: , 2017 
*Centre National de la Recherche Scientifique 

Patents 
CDSI 
21 Rufer L., Basrour S., Trioux E., Férin G.*, Bantignies C.*, Le Khanh H.*, Rosinski B.*, Nguyen A.* 
Piezoelectric Energy Harvesting Bending Structure and the Method of Manufacturing Thereof 
Brevet N° U.S. Provisional Patent Application No. 62/532,195, delivered on Jul 13, 2017 
*Vermon S.A. 
22 Casset F.*, Basrour S., Chappaz C.** 
Mechanical structure comprising an actuator and mechanical amplification means, and production method 
Brevet N° 15515856, delivered on Oct 26, 2017 
*CEA, **HAP2U 
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SLS 
23 Lesecq S.*, Charles H.P.*, Mancini S., Vincent L. 
Procédé de prédiction d'une donnée à précharger dans une mémoire cache 
Brevet N° 16201190.2-1953, delivered on Jan 20, 2017 
*CEA 

Invited conference talks 
AMfoRS 
24 Di Natale G.*, Kooli M.*, Bosio A.*, Portolan M., Leveugle R. 
Reliability of computing systems: from flip flops to variables 
23rd IEEE International Symposium on On-Line Testing and Robust System Design (IOLTS 2017), 2017 
*LIRMM, Laboratoire d'Informatique de Robotique et de Microélectronique de Montpellier 
25 Anghel L., Benabdenbi M., Bosio A.*, Vatajelu I. 
Test and reliability in approximate computing 
Mixed Signals Testing Workshop (IMSTW 2017), 2017 
*LIRMM, Laboratoire d'Informatique de Robotique et de Microélectronique de Montpellier 

CDSI 
26 Iga R., Ferreira De Paiva Leite T., Possamai Bastos R., Rolloff O., Diallo M., Fesquet L. 
Layout Strategies for Body Bias Islands in FD-SOI Systems 
20th International IP-SoC Conference and Exhibition (IP-SOC 2017), 2017 

RMS 
27 Pastore S.*, Mellot P.**, Tubert C.**, Mir S. 
Design of a Piece-Wise-Linear Ramp ADC for CMOS imagers 
22nd IEEE International Mixed-Signal Test Workshop (IMSTW 2017), 2017 
*Université Grenoble Alpes, **STMicroelectronics 
28 Leger G.*, Barragan M. 
Why is systematic AMS-RF test not there yet ? 
CEDA 2017, 2017 
*IMSE, Instituto de Microelectronica de Sevilla  

International conferences 
AMfoRS 
29 Sivadasan A., Benhassain A., Huard V.*, Cacho F.*, Anghel L. 
Architecture and Workload Dependant Digital Failure Rate 
IEEE International Reliability for Physics of Semiconductors (IRPS 2017), 2017 
*STMicroelectronics 
30 Pierre L., Chabot M. 
Assertion-Based Verification for SoC Models and Identification of Key Events 
Euromicro Conference on Digital System Design (DSD 2017), 2017 
31 Plassan G., Morin-Allory K., Borrione D. 
Extraction of missing formal assumptions in under-constrained designs 
15th ACM-IEEE International Conference on Formal Methods and Models for System Design (MEMOCODE 
2017), pp. 94-103, 2017 
32 Vatajelu I., Anghel L. 
Fully-Connected Single-Layer STT-MTJ-based Spiking Neural Network under Process Variability 
ACM/IEEE International Symposium on Nanoscale Architectures (NANOARCH 2017), 2017 
33 Mkhinini A., Maistri P., Leveugle R., Tourki R.* 
HLS Design of a Hardware Accelerator for Homomorphic Encryption 
IEEE International Symposium on Design and Diagnostics of Electronic Circuits and Systems (DDECS 
2017), 2017 
*ENISo 
34 Cacho F.*, Benhassain A., Shah R., Huard V.*, Anghel L. 
Investigation of critical path selection for in-situ monitors insertion 
23rd International Symposium on On-Line Testing and Robust System Design (IOLTS 2017), pp. 247-252, 
2017 
*STMicroelectronics 
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35 Barbareschi M.*, Bosio A.**, Hamdioui S.***, Nguyen Hoang Anh Du***, Traiolla M.**, Vatajelu I. 
Memristive devices: Technology, Design Automation and Computing Frontiers 
International Conference on Design &Technology of Integrated Systems in Nanoscale Era (DTIS 2017), 
2017 
*Universita Degli Studi di Napoli Federico II, **LIRMM, Laboratoire d'Informatique de Robotique et de 
Microélectronique de Montpellier, ***Delft University of Technology 
36 Vatajelu I., Rodriguez-Montanes R.*, Renovell M.**, Figueras J.* 
Mitigating Read & Write Errors in STT-MRAM Memories under DVS 
European Test Symposium (ETS 2017), 2017 
*Universitat Politècnica de Catalunya, **LIRMM, Laboratoire d'Informatique de Robotique et de 
Microélectronique de Montpellier 
37 Vatajelu I., Anghel L. 
Reliability Analysis of MTJ-based Functional Module for Neuromorphic Computing 
International Symposium on On-Line Testing and Robust System Design (IOLTS 2017), 2017 
38 Sivadasan A., Huard V.*, Anghel L. 
Worload Dependent Reliability Timing Analysis Flow 
DATE 2017, 2017 
*STMicroelectronics 
39 Vatajelu I., Di Natale G.*, Prinetto P.** 
Zero bit-error-rate weak PUF based on Spin-Transfer-Torque MRAM memories 
2017 IEEE 2nd International Verification and Security Workshop (IVSW 2017), pp. 128-133, 2017 
*LIRMM, Laboratoire d'Informatique de Robotique et de Microélectronique de Montpellier, **Politecnico di 
Torino 

CDSI 
40 Frisch R., Laurent R.*, Faix M.**, Girin L.***, Fesquet L., Lux A.***, Droulez J.****, Bessière P.****, 
Mazer E.** 
A Bayesian stochastic machine for sound source localization 
IEEE International Conference on Rebooting Computing (ICRC 2017), pp. 1-8, 2017 
*ProbaYes S.A.S, **Laboratoire d'Informatique de Grenoble, ***INRIA Grenoble - Rhône-Alpes, ****Institut 
des Systèmes Intelligents et de Robotique  
41 Kalsing A., Fesquet L., Aktouf C.* 
An Innovative Methodology to Check Consistency Between HDL and UPF Descriptions 
Forum on Specification & Design Languages (FDL 2017), 2017 
*Defacto technologies  
42 Simatic J., Cherkaoui A., Bertrand Fra., Possamai Bastos R., Fesquet L. 
A practical framework for specification, verification and design of self-timed pipelines 
23rd IEEE International Symposium on Asynchronous Circuits and Systems (ASYNC 2017), 2017 
43 Coustans M.*, Terrier C.**, Eberhardt T.**, Salgado S.**, Cherkaoui A., Fesquet L. 
A Subthreshold 30pJ/bit Self-timed Ring Based True Random Number Generator for Internet of Everything 
IEEE SOI-3D-Subthreshold Microelectronics Technology Unified Conference (IEEE S3S), 2017 
*Institut de génie électrique et électronique, **EM Microelectronic-Marin SA 
44 Hadj Said M.*, Tounsi F.*, Rufer L., Mezghani B.*, Masmoudi M.* 
Capacitance Link Effect Characterization in the Tapped On-Chip Planar Transformer 
IEEE International Conference on Engineering & MIS (ICEMIS 2017), pp. 1-5, 2017 
*Ecole Nationale d'Ingenieurs de Sfax (ENIS)  
45 Bertrand Fra., Simatic J., Cherkaoui A., Maure A.*, Fesquet L. 
CAR: on the highway towards desynchronization 
24th IEEE International Conference on Electronics, Circuits and Systems (ICECS 2017), 2017 
*StarChip 
46 Acunha Guimaraes L., Possamai Bastos R., Fesquet L. 
Detection of Layout-Level Trojans by Injecting Current Into Substrate and Digitally Monitoring Built-In 
Sensors 
Design Automation Conference (DAC 2017), 2017 
47 Acunha Guimaraes L., Possamai Bastos R., Fesquet L. 
Detection of Layout-Level Trojans by Monitoring Substrate with Preexisting Built-in Sensors 
IEEE Computer Society Annual Symposium on VLSI (ISVLSI 2017), pp. 290-295, 2017 
48 Germain S., Engels S.*, Fesquet L. 
Event-Based Design Strategy for Circuit Electromagnetic Compatibility 
3rd International Conference on Event-Based Control, Communication and Signal Processing (EBCCSP 
2017), pp. 1-7, 2017 
*STMicroelectronics 
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49 Darwish A., Abbass H., Fesquet L., Sicard G.* 
Event-driven Image Sensor Application: Event-driven Image Segmentation 
3rd International Conference on Event Based Control, Communication and Signal Processing (EBCCSP 
2017), pp. 1-6, 2017 
*Laboratoire d'Electronique de Technologie de l'Information 
50 Fesquet L., Simatic J., Darwish A., Cherkaoui A. 
From events to data-driven processing 
3rd International Conference on Event-Based Control, Communication and Signal Processing (EBCCSP 
2017), 2017 
51 Qaisar S.-M.*, Simatic J., Fesquet L. 
High Level Synthesis of an Event-Driven Windowing Process 
3rd International Conference on Event-Based Control, Communication and Signal Processing (EBCCSP 
2017), pp. 1-8, 2017 
*Effat University (Jeddah) 
52 El Hadbi A., Cherkaoui A., Elissati O.*, Fesquet L. 
High Precision Time Measurement using Self-Timed Ring Oscillator based TDC 
European Frequency and Time Forum & International Frequency Control Symposium (EFTF 2017), 2017 
*STRS Laboratory 
53 Viera R.A.C., Maurine P.*, Dutertre J.M.**, Possamai Bastos R. 
Importance of IR Drops on the Modeling of Laser-Induced Transient Faults 
International Conference on Synthesis, Modeling, Analysis and simulation methods and applications to 
Circuit Design (SMACD 2017), 2017 
*LIRMM, Laboratoire d'Informatique de Robotique et de Microélectronique de Montpellier, **Ecole Nationale 
Supérieure des Mines de Saint-Etienne  
54 Bonnaud O.*, Fesquet L. 
Innovative practice in the French microelectronics education targeting the industrial needs 
IEEE International Conference on Microelectronic Systems Education (MSE 2017), pp. 15-18, 2017 
*Coordination Nationale de la Formation en Microélectronique 
55 Viera R.A.C., Possamai Bastos R., Dutertre J.M.*, Maurine P.** 
Method for evaluation of transient-fault detection techniques 
European Symposium on Reliability of Electron devices, Failure physics and analysis (ESREF 2017), 2017 
*Ecole Nationale Supérieure des Mines de Saint-Etienne , **LIRMM, Laboratoire d'Informatique de 
Robotique et de Microélectronique de Montpellier 
56 Pedio V.*, Rufer L., De Pasquale G.*, Somà A.*, Basrour S. 
Modeling of structural-fluidic interactions for the design of digital MEMS speakers in hearing aids 
Symposium on Design, Test, Integration and Packaging of MEMS/MOEMS (DTIP 2017), pp. 1-6, 2017 
*Politecnico di Torino 
57 El Hadbi A., Cherkaoui A., Elissati O.*, Simatic J., Fesquet L. 
On-the-fly and sub-gate-delay resolution TDC based on self-timed ring: A proof of concept 
15th IEEE International New Circuits and Systems Conference (NEWCAS 2017), pp. 305-308, 2017 
*STRS Laboratory 
58 Viera R.A.C., Dutertre J.M.*, Possamai Bastos R., Maurine P.** 
Role of Laser-Induced IR Drops in the Occurrence of Faults: Assessment and Simulation 
EUROMICRO conference on Digital System Design (DSD 2017), 2017 
*Ecole Nationale Supérieure des Mines de Saint-Etienne , **LIRMM, Laboratoire d'Informatique de 
Robotique et de Microélectronique de Montpellier 
59 Skaf A., Simatic J., Fesquet L. 
Seeking Low-power Synchronous/Asynchronous Systems: A FIR Implementation Case Study 
IEEE International Symposium on Circuits and Systems (ISCAS 2017), pp. 1-4, 2017 
60 Gimenez G., Cherkaoui A., Frisch R., Fesquet L. 
Self-timed Ring based True Random Number Generator: Threat model and countermeasures 
IEEE 2nd International Verification and Security Workshop (IVSW 2017), pp. 31-38, 2017 
61 Kachroudi A.*, Basrour S., Sylvestre A.* 
Thermal Stability of Micro-Structured PDMS Piezo-Electrets under Various Polymeric Reticulation Ratios for 
Sensor Applications 
EUROSENSORS 2017, 2017 
*Laboratoire de Génie Electrique de Grenoble 
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RIS 
62 Barrientos J.*, Ferral A.*, Cara L.*, Fraire J., Velazco R., Madoery P.**, Ferreyra P.** 
A Segmented Architecture Approach to Provide a Continuous, Long-Term, Adaptive and Cost-effective 
Glaciers Monitoring System Based on DTN Communications and Cubesat Platforms 
1st IAA Latin American Symposium on Small Satellites: Advanced Technologies and Distributed Systems, 
2017 
*agence spatiale argentin, **Universidad Nacional de Cordoba 
63 Fraire J., Feldmann M.*, Burleigh S.** 
Benefits and Challenges of Cross-Linked Ring Road Satellite Networks: A Case Study 
IEEE International Conference on Communications (ICC 2017), 2017 
*Technische Universität Dresden, **Jet Propulsion Laboratory 
64 Charif A., Coelho A., Zergainoh N.-E., Nicolaidis M. 
Detailed and highly parallelizable cycle-accurate network-on-chip simulation on GPGPU 
ACM/IEEE Design Automation Conference (ASPDAC 2017), pp. 672-677, 2017 
65 Ferreyra P.*, Fraire J., Gomez F.*, Barrientos J.**, Velazco R. 
Enhancing Contact Graph Routing Forwarding Performance for Segmented Satellites Architectures 
1st IAA Latin American Symposium on Small Satellites: Advanced Technologies and Distributed Systems, 
2017 
*Universidad Nacional de Cordoba, **agence spatiale argentin 
66 Charif A., Zergainoh N.-E., Nicolaidis M. 
GNOCS: an ultra-fast, highly extensible, cycle-accurate GPU-Based parallel Network-on-Chip simulator 
Design, Automation & Test in Europe Conference, Univ.Booth (DATE 2017), 2017 
67 Bonnoit T., Zergainoh N.-E., Nicolaidis M., Velazco R. 
Low Cost Rollback to Improve Fault-Tolerance in VLSI Circuits 
IEEE International Symposium on Circuits and Systems (LASCAS 2017), pp. 1-4, 2017 
68 Charif A., Coelho A., Zergainoh N.-E., Nicolaidis M. 
MINI-ESPADA: A Low-Cost Fully Adaptive Routing Mechanism for Networks-on-Chips 
IEEE Latin-American Test Symposium (LATS 2017), pp. 1-4, 2017 
69 Solinas M., Coelho A., Fraire J., Zergainoh N.-E., Ferreyra P.*, Velazco R. 
Preliminary Results of NETFI-2: An Automatic Method for Fault Injection on HDL-Based Designs 
18th IEEE Latin-American Test Symposium (LATS 2017), 2017 
*Universidad Nacional de Cordoba 
70 Charif A., Zergainoh N.-E., Coelho A., Nicolaidis M. 
Rout3D: A Lightweight Adaptive Routing Algorithm for Tolerating Faulty Vertical Links in 3D-NoCs 
22th IEEE European Test Symposium (ETS 2017), pp. 1-6, 2017 
71 Bonnoit T., Coelho A., Zergainoh N.-E., Velazco R. 
SEU Impact in Processor's Control-Unit: Preliminary Results Obtained for LEON3 Soft-Core 
18th IEEE Latin American Test Symposium (LATS 2017), pp. 1-4, 2017 
72 Solinas M., Coelho A., Fraire J., Zergainoh N.-E., Velazco R. 
TGV: Tester Generic and Versatile for Radiation Effects on Advanced VLSI Circuits 
IEEE/ACM Design, Automation, and Test in Europe (DATE 2017), Univ. Booth, 2017 

RMS 
73 Renaud G., Margalef-Rovira M., Barragan M., Mir S. 
Analysis of an efficient on-chip servo-loop technique for reduced-code static linearity test of pipeline ADCs 
VLSI Test Symposium (VTS 2017), 2017 
74 Malloug H., Barragan M., Mir S., Basteres L.*, Le Gall H.* 
Design of a sinusoidal signal generator with calibrated harmonic cancellation for mixed-signal BIST in a 28 
nm FDSOI technology 
European Test Symposium (ETS 2017), 2017 
*STMicroelectronics 
75 Tchendjou G.T., Simeu E., Lebowsky F.* 
FPGA Implementation of Machine Learning Based Image Quality Assessment 
27th International Conference on Microelectronics (ICM 2017), pp. 1-4, 2017 
*STMicroelectronics 
76 Malloug H., Barragan M., Mir S., Le Gall H.* 
Harmonic cancellation strategies for on-chip sinusoidal signal generation using digital resources 
International Mixed-Signal Testing Workshop (IMSTW 2017), 2017 
*STMicroelectronics 
77 Barragan M., Leger G.*, Gines A.*, Peralias E.*, Rueda A.* 
On the limits of machine learning-based test: a calibrated mixed-signal system case study 
Design Automation and Test in Europe (DATE 2017), 2017 
*IMSE, Instituto de Microelectronica de Sevilla  
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SLS 
78 Bernard M., Montémont G.*, Stanchina S.*, Verger L.*, Mancini S. 
Adaptation of the Field of View of a Cardiac SPECT System in Real Time 
The 14th International Meeting on Fully Three-Dimensional Image Reconstruction in Radiology and Nuclear 
Medicine (FULLY3D 2017), 2017 
*Laboratoire d'Electronique de Technologie de l'Information 
79 Bel Hadj Amor H., Sheibanyrad H.*, Pétrot F. 
A Distributed NUCA Architecture Using an Efficient NoC Multicasting Support 
Euromicro Conference on Digital System Design (DSD 2017), pp. 184-191, 2017 
*LIP6, Laboratoire d'Informatique de Paris 6 
80 Bel Hadj Amor H., Sheibanyrad H.*, Pétrot F. 
A Meta-Routing Method to Create Multiple Virtual Logical Networks on a Single Hardware NoC 
2017 IEEE Computer Society Annual Symposium on VLSI (ISVLSI 2017), pp. 200-205, 2017 
*LIP6, Laboratoire d'Informatique de Paris 6 
81 Dumas J.*, Guthmuller E.*, Fuguet Tortolero C.*, Pétrot F. 
A Method for Fast Evaluation of Sharing Set Management Strategies in Cache Coherence Protocols 
30th International Conference on Architecture of Computing Systems (ARCS 2017), pp. 111-123, 2017 
*Laboratoire d'Electronique de Technologie de l'Information 
82 Matoussi O., Pétrot F. 
IR-level annotation strategy dealing with aggressive loop optimizations for performance estimation in native 
simulation: work-in-progress 
12th IEEE/ACM/IFIP International Conference on Hardware/Software Codesign and System Synthesis 
(ACM/IFIP 2017), pp. 13:1-13:2, 2017 
83 Matoussi O., Pétrot F. 
Loop aware IR-level annotation framework for performance estimation in native simulation 
22nd Asia and South Pacific Design Automation Conference (ASPDAC 2017), pp. 220-225, 2017 
84 Hadj Salem K.*, Kieffer Y.*, Mancini S. 
Minimisation du temps total de traitement pour optimiser le fonctionnement d’un contrôleur de buffers pour 
les systèmes de vision embarquée 
18ème édition du congrès annuel de la Société Française de Recherche Opérationnelle et d'Aide à la 
Décision (ROADEF 2017), 2017 
*LCIS, Laboratoire de Conception et d'Intégration des Systèmes 
85 Matoussi O., Pétrot F. 
Modeling instruction cache and instruction buffer for performance estimation of VLIW architectures using 
native simulation 
Design, Automation & Test in Europe Conference & Exhibition (DATE 2017), pp. 266-269, 2017 
86 Faravelon A., Gruber O.*, Pétrot F. 
Optimizing Memory Access Performance Using Hardware Assisted Virtualization in Retargetable Dynamic 
Binary Translation 
Euromicro Conference on Digital System Design (DSD 2017), pp. 40-46, 2017 
*Laboratoire d'Informatique de Grenoble 
87 Wicaksana A., Bourge A., Muller O., Sasongko A.*, Rousseau F. 
Prototyping Dynamic Task Migration on Heterogeneous Reconfigurable Systems 
28th International Symposium on Rapid System Prototyping: Shortening the Path from Specification to 
Prototype (RSP 2017), pp. 16-22, 2017 
*Institut Teknologi Bandung 
88 Prost-Boucle A., Bourge A., Pétrot F. 
Scalable high-performance architecture for convolutional ternary neural networks on FPGA 
27th International Conference on Field Programmable Logic and Applications (FPL 2017), pp. 1-7, 2017 
89 Alemdar H.*, Leroy V.*, Prost-Boucle A., Pétrot F. 
Ternary neural networks for resource-efficient AI applications 
2017 International Joint Conference on Neural Networks (IJCNN 2017), pp. 2547-2554, 2017 
*Laboratoire d'Informatique de Grenoble 
90 Dumas J., Guthmuller E.*, Fuguet Tortolero C.*, Pétrot F. 
Trace-driven exploration of sharing set management strategies for cache coherence in manycores 
15th IEEE International New Circuits and Systems Conference (NEWCAS 2017), pp. 77-80, 2017 
*Laboratoire d'Electronique de Technologie de l'Information 
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Book chapters 
AMfoRS 
91 Benabdenbi M., Anghel L., Dimopoulos M.*, Gang Yi 
Adaptive Routing for Fault Tolerance and Congestion Avoidance for 2D Mesh and Torus NoCs in Many-Core 
Systems-on-Chip 
Advances in Microelectronics: Reviews, Book Series, pp. 405-435, 2017 
*Dialog Semiconductor 
92 Plassan G., Peter H.J.*, Morin-Allory K., Sarwary S.*, Borrione D. 
Improving the Efficiency of Formal Verification: The Case of Clock-Domain Crossings 
VLSI-SoC: System-on-Chip in the Nanoscale Era – Design, Verification and Reliability, IFIPAICT, pp. 108-
129, 2017 
*SYNOPSYS 

Edited Books 
RMS 
93 Barragan M. 
Guest Editorial: Analog, Mixed-Signal and RF Testing 
Special issue of Journal of Electronic Testing, Springer , 2017 

National conferences 
CDSI 
94 Rolloff O., Iga R., Ferreira De Paiva Leite T., Possamai Bastos R., Fesquet L. 
Body Bias Control Cells based on Negative- and Positive-Level Shifter Architectures in Technology FD-SOI 
28 nm 
Journées Nationales du Réseau Doctoral en Micro-nanoélectronique (JNRDM 2017), 2017 

RMS 
95 Cilici F., Barragan M., Lauga-Larroze E.*, Bourdel S.*, Mir S. 
Conception en vue du test d’un amplificateur de puissance à 60 GHz 
Journées Nationales du Réseau Doctoral en Micro-nanoélectronique (JNRDM 2017), 2017 
*IMEP-LAHC 

SLS 
96 Bernard M., Montémont G.*, Stanchina S.*, Mancini S., Verger L.* 
Méthode de reconstruction en ligne pour un système SPECT adaptatif 
Colloque GRETSI sur le traitement du signal et des images (GRETSI 2017), 2017 
*Laboratoire d'Electronique de Technologie de l'Information 

Other communications 
AMfoRS 
97 Portolan M., Barragan M., Alhakim R., Mir S. 
Mixed-Signal BIST computation offloading using IEEE 1687 
European Test Symposium (ETS 2017), Limassol, CYPRUS 

CDSI 
98 El Hadbi A., Cherkaoui A., Elissati O.*, Fesquet L. 
Nouveau dispositif ultra-précis de mesure du temps basé sur un oscillateur auto-séquencé 
Colloque GdR SoC-SiP, Talence, FRANCE 
*STRS Laboratory 

RIS 
99 Coelho A., Solinas M., Fraire J., Zergainoh N.-E., Ferreyra P.*, Velazco R. 
NETFI-2: An Automatic Method for Fault Injection on HDL-Based Designs 
Design, Automation & Test in Europe (DATE 2017), Lausanne, SWITZERLAND, DOI: https://www.date-
conference.com/system/files/file/date17/ubooth/119922.pdf 
*Universidad Nacional de Cordoba 
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PhD theses 
AMfoRS 
100 Benhassain A. 
Moniteurs de Vieillissement in-situ: Méthodologie d’intégration et application à la gestion dynamique de la 
fiabilité 
These de Doctorat, Université de Grenoble, spécialité "Nanoélectronique et Nanotechnologies", May 29, 2017 
101 Deng E. 
Design and development of low-power and reliable logic circuits based on spin-transfer torque magnetic 
tunnel junctions 
These de Doctorat, Université de Grenoble, spécialité "Nanoélectronique et Nanotechnologies", Feb 10, 2017 
102 Kebaili M. 
Reflections on the methodology for verifying multi-clock design : qualitative analysis and automation 
These de Doctorat, Université de Grenoble, spécialité "Microélectronique", Oct 25, 2017 
103 Mkhinini A. 
Hardware implementation of homomorphic encryption schemes 
These de Doctorat, Université de Grenoble, spécialité "Nanoélectronique et Nanotechnologies", Dec 14, 2017 

CDSI 
104 Acunha Guimaraes L. 
Testing Techniques for Detection of Hardware Trojans in Integrated Circuits of Trusted Systems 
These de Doctorat, Université de Grenoble, spécialité "Nanoélectronique et Nanotechnologies", Dec 01, 2017 
105 Ayres A. 
3D Monolithic Integration: Performance, Power and Area Evaluation for 14nm and beyond 
These de Doctorat, Université de Grenoble, spécialité "Micro et Nano Electronique", Oct 16, 2017 
106 Simatic J. 
Design flow for ultra-low power : nonuniform sampling and asynchronous circuits 
These de Doctorat, Université de Grenoble, spécialité "Nanoélectronique et Nanotechnologies", Dec 07, 2017 

RIS 
107 Charif A. 
Design, Parallel Simulation and Implementation of High-Performance Fault-Tolerant Networks-on-Chip 
Architectures 
These de Doctorat, Université de Grenoble, spécialité "Nanoélectronique et Nanotechnologies", Nov 17, 2017 
108 Ramos P. 
Evaluation of the SEE sensitivity and methodology for error rate prediction of applications implemented in 
Multi-core and Many-core processors 
These de Doctorat, Université de Grenoble, spécialité "Nanoélectronique et Nanotechnologies", Apr 18, 2017 
109 Vargas V. 
Software approach to improve the reliability of parallel applications implemented on multi-core and many-
core processors 
These de Doctorat, Université de Grenoble, spécialité "Nanoélectronique et Nanotechnologies", Apr 28, 2017 

SLS 
110 Bel Hadj Amor H. 
Memory hierarchy in embedded multiprocessor system built around networks on chip 
These de Doctorat, Université de Grenoble, spécialité "informatique", Oct 05, 2017 
111 Bernard M. 
Modular processing system for emission tomography with CdZnTe detector 
These de Doctorat, Université de Grenoble, spécialité "informatique", Nov 06, 2017 
112 Dumas J. 
Dynamic sharing set for scalable cache coherence protocols 
These de Doctorat, Université de Grenoble, spécialité "informatique", Dec 13, 2017 
113 Matoussi O. 
Native Simulation of MPSoC: Instrumentation and Modeling of NonFunctional Aspects 
These de Doctorat, Université de Grenoble, spécialité "informatique", Nov 30, 2017 
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